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Appendix  No.  16. 

REPORT  ON  SPECIAL.  WATER-SUPPLY  INVESTIGATION. 

At^CiUST  1,   IS'JI). 

(tENTLEMEN:  Work  whs  ])ejxun  on  the  water-sup[)ly  iiivt\stij<ation 
foi-  projeettMl  siiiiiinit-level  canals  in  the  State  of  New  Yoi'k  on  August 
1,  isos,  the  arrangement  with  your  Hoard  ]>eing  tliat  the  author  give 
the  matter  alKiut  om^-half  of  his  time.  It  was  also  understood  that 
the  work  be  completed  in  ono  year.  The  toUil  time  devoted  to  super- 
vising and  dire('ting  tht»  work  and  to  preparation  of  report  has 
inclu<led,  to  August  1,  181H>,  208  days.  The  report  herewith  sub- 
mitt<Ml,  witJi  maps,  plans,  and  ♦estimates,  is  the  l)est  t»tTort  of  whicli 
the  author  is  capable  with  the  foregoing  limitation  of  time. 

Problems  to  be  studied,  in<duded  in  general  t«»rms,  considenition 
of  water  supplies  for  tin?  various  summit-h>vel  canals  iji  the  State  of 
New  York,  not  oidy  by  the  Oswego-Mohawk  route,  but  by  the  St. 
Lawrcnce-('hami)lain  route  as  well.  However,  the  investigation  as 
to  canal  routes  proi)er  has  n^ndered  an  extended  study  of  the  water 
sui)ply  of  a  summit  lev(d-canal  connecting  Lak(»  C'hamphiin  and 
Hudson  Hiver  unnecessary,  and  the  work  Immmmii  rt»pnrted  upon  is, 
therefore,  mostly  <'onfin(Ml  to  consideration  of  water  supply  for  ( )sw(*go- 
Mohawk  route. 

SOURCES     FROM     WHICH     WATER     SUPPLIES      FOR     OSWE(  JO-MOHAWK 
ROUTE   MAY    RE   DRAWN. 

A  pi'eliminai-y  Study  of  existing  conditions  indicate<l  that  aside  from 
streams  imme<liately  tributjiry  to  Mohawk  River  an«l  Oneida  Lakts  a 
water  supply  for  summit  level  of  Oswego-Mohawk  route  must  be 
drawiKMther  from  l>la<*k  HiverorLakt*  Erie.  The  author  undtM-stood, 
however,  your  Hoard  to  have  decided  that  Lak«»  Erie  was  out  of  con- 
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sideratioii  l^eeause  of  tlie  i)eculiar  wording  of  the  act  of  Congress 
authorizing  this  investigation,  thus  limiting  the  scope  of  the  inquiiy 
to  Black  River  and  contiguous  streams.^ 

In  the  study  as  made,  a  few  streams  tributary  to  Lake  Ontario,  ])ut 
which  have  been  intercepted  by  the  proposed  Black  River  feeder, 
have  been  included.     On  this  point  refer  to  plate  93. 

A  small  emergency  supply  may  also  be  drawn  from  a  group  of  ivser- 
voirs  on  Susquehanna-Mohawk  divide,  originally  constructed  by  the 
State  of  New  York  for  supply  of  summit  level  of  Chenango  Canal. 

The  water  now  available  for  water  supply  of  Rome  level  of  Erie 
Canal,  west  of  Fort  Bull,  would  also  be  available  for  deep  wati'rways, 
provided  satisfactory  arrangements  were  made  with  the  State  of  New 
York.  As,  however,  this  is  at  best  only  a  small  quantity,  it  has  been, 
so  far  as  the  present  discussion  is  concerned,  left  out  of  the  account. 

RECX^NNOISSAXCE. 

In  order  to  gain  a  clear  view  of  the  nature  of  the  problems  to  be 
studied  by  actual  inspection  of  the  ground,  a  reconnoissance  was 
8tarte<l  from  Fon»stport  August  14,  1898,  examining  fii'st  the  present 
feeder  of  the  summit  level  of  Black  River  Canal,  which  exten<ls  from 


'  (Note  by  the  author,  January  15,  lOOO. )  In  regard  to  Lake  Erie  as  a  source  of 
water  supply  for  Oswego-Mohawk  summit  level,  the  brief  statement  mayl>e  made 
that  during  August-November,  1899,  the  author  was  engaged  on  a  study  of 
proposed  rectification  of  Erie  Canal  between  Newark  and  west  end  of  Rome  level. 
The  object  of  this  study  was  to  ascertain  whether  a  continuously  descending  canal 
could  be  constructed  between  the  points  mentioned,  thereby  avoiding  the  present 
descent  to  Montezuma  and  Syracuse  levels,  with  the  corresponding  ascent  to  Rome 
level.  The  ground  traversed  by  this  rectification  is  the  same  as  would  be  occu- 
pied by  a  feeder  for  Oswego-Mohawk  summit  from  Lake  Erie.  The  detail  of  this 
study  is  embodied  in  a  report  to  the  canal  committee  of  the  State  of  New  York, 
and  will  be  published  in  the  annual  report  of  the  State  engineer  and  surveyor  for 
1900.  This  report  is  accompanied  by  topographical  maps  of  the  region,  whicli 
have  been  constructed  from  the  field  sheets  of  the  United  States  Geological  Sur- 
vej%  at  a  scale  of  1:  4.">,0<K).  These  maps  show  the  difficulties  t  >  be  met  l)etween 
Newark  and  Rome  level  bj*  either  a  canal  or  feeder  construction.  Without  going 
into  detail  at  this  time,  it  is  sufficient  to  state  that  a  new  canal  on  the  most  satis- 
factory line,  12  leet  deep,  and  with  about  1,200  stiuare  feet  section  area,  is  esti- 
mated t )  cost,  for  58  miles,  more  than  the  entire  cost  of  a  feeiler  from  Black  and 
Salmon  rivers,  as  given  in  detail  further  on  in  this  lepoit. 

It  is  probable,  however,  that  a  feeder  line  purely  of  suflBcient  capacity  to  deliver 
1,000  cubic  feet  per  second  to  Rome  summit  level,  would  be  somewhat  less  expen- 
sive ]  er  unit  of  length,  but  inasmuch  as  the  total  di.stan(!e  from  Lake  Erie  to  the 
point  of  delivery  on  Oswego-Mohawk  summit,  near  Fort  Bull,  is  about  four  times 
as  great  as  the  section  actually  estimated  upon,  it  is  at  once  apparent  that  the  cost 
of  Lake  Erie  supply  becomes  so  much  greater  than  Black  River  supply  as  to  pre- 
clude its  adoption.  A  survey  to  Lake  Erie  would  therefore  have  no  other  e:iVct 
than  to  emphasize  the  fact,  that  as  a  matter  of  economie  (jonstruction  a  water  sup- 
ply for  Oswego-Mohawk  summit  level  must  be  chiefly  drawn  from  Black  and  Sal- 
mon livers  and  the  adjacent  small  streams,  as  exhibited  in  detail  in  the  following 
pages. 
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Black  River  at  Foresti)ort  to  the  canal  at  Boonville,  a  distance  of  10.5 
miles,  and  delivers  water  into  Black  River  Canal  at  an  elevation  of 
1,119.06  feet  above  tide  water.  The  elevation  of  crest  of  Black  River 
dam  at  Forestport  is  1 ,  126.  OG  feet  above  tide  water.  The  present  feeder 
has  a  cai>acity  of  about  225  to  275  cubic  feet  per  second.  The  catchment 
area  of  Black  River  above  Forestport  was  also  examined  with  reference 
to  the  possibility  of  constructing  additional  reservoir  on  that  area. 
The  result  of  this  examination  was  to  show  that  the  available  storage 
of  Black  River  area  above  Forestport  is  already  substantially  utilized 
by  the  State  reservoirs  now  existing  in  t  hat  region.  Additional  storage 
could  only  be  madethereatlargeexpense,  although  it  may  be  assumed, 
if  the  deep  waterways  are  built,  that  Erie  Canal  through  Mohawk  Val- 
ley will  Ik*  abandoned,  as  would  also  Black  River  Canal.  Hence,  the 
water  now  used  for  the  supply  of  Erie  and  Black  River  canals  would 
become  available  for  deep  waterwaj's.  Nevertheless,  it  is  true  that 
an  adequate  storage  can  not  be  made  on  upper  Black  River.  The 
rc^onnoissance  showed,  however,  that  it  was  practicable  to  divert 
Moose  River  at  McKeever  through  Otter  and  White  lakes  into  main 
Black  River  above  Forestport,  thus  making  it  possible  to  deliver  that 
portion  of  Moose  River  catchment  area,  as  well  as  upper  Black  River 
at  Boonville,  where,  at  a  distance  of  about  a  mile  to  the  south,  the 
water  could  1k»  turned  into  Lansing  Kill,  a  tributary  of  upper  Mohawk, 
and  so  deliveitnl  directly  to  proposed  deep  waterways  summit  level  at 
Rome. 

The  diversion  of  Moose  River  would  be  accomplished  by  means  of 
a  dam  across  that  stream  just  below  McKeever  and  the  cutting  of  a 
canal  through  to  Otter  Lake,  a  distance  of  about  1  mile.  A  connect- 
ing channel  would  lead  from  Otter  Lake  to  Long  Lake,  a  distance  of 
about  1.5  miles,  following  generally  the  course  of  the  present  outlet 
of  Otter  Lake.  From  Long  Lake  a  cut  would  be  made  through  an 
intervening  ridge  CO  feet  in  height  for  a  distance  of  2,()00  feet,  connect- 
ing Long  Lake  with  White  Lake,  from  whence  the  water  wouM  flow 
through  the  outlet  of  While  Lake  to  Black  River  and  thence  to  For- 
estport, where  the  present  feeder  of  Black  River  Canal  could  be 
utilize<l,  or  a  new  feeder  constructed,  as  might  appear  lH\st  on  detailed 
examination. 

liapi<l  comi)utati(ni  show(*d,  however,  that  there  was  no  prospect  of 
making  a  suflicient  storage  either  on  Black  Riv(»r  above  ForestiK)rt,  or 
on  Moose  River  above  McKeever.  The  State  reservoirs  already  con- 
structed in  that  region,  while  mostly  not  developed  to  full  capacity, 
are  still  so  far  short  of  furnishing  the  quantity  of  water  required  for 
supply  of  summit  level  as  to  make  them  hardly  worth  taking  into 
account. 
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The  following  are  the  reservoii's  on  headwaters  of  main  Black  and 
Moose  rivers: 


Xamu  of  retHjrvoir. 


.„„-.__i      I    Approxi-      Approximate 
r^vJl^uZ^L      niateraean    audavniable 


White  Lake 

Chub  Lake 

Sand  Lake 

Woodhull  Lake 

BiHbys  Lakes  a 

( 'anaohagala  Lake . . . 

North  Lake 

South  Lake 

Twin  Lakes 

Fulton  f;hain  Lake;} . 
Fore«tport 


1,118 


depth. 


Fe,'t. 


'.&)] 


372 

175  , 


4 

15 
18 

3.5 

4 

38 
2« 

8 


Total. 


7W 


10 


capacity. 

Cubic  feet. 

M.OIKMKIO 

a5,(l(l),(HX) 

300.00l),UUO 

438.(IU0.(10U 

44).(»),UI() 

670.(11111.(1110 
350.  UN).  000 
(SO.OOOjriO 
8(K).(NI0.(I00 
300,000.000 


3.019,U)0,tN)0 


a  The  Bisbys  Lakes  were  aljandoned  aH  canal  reservoirs  by  chapter  274  of  the  laws  of  1H?<U. 

It  maj^  be  remarket!  that  there  is  a  (•omi)ensation  State  reservoir  on 
Beaver  River,  the  most  northerly  main  tributary  of  Black  River,  at 
Stillwater,  with  capacity  of  S(X),(M)0,0()()  cubic  feet.  Adding  this  <iuan- 
tity  to  the  preceding,  we  already  have  a  total  artificial  storage  on 
Black  River  of  :^,S10,0(M),(M)0  cubic  feet. 

It  has  been  commonly  assumed  that  extensive  stonige  could  be 
made  on  tlie  upper  reaches  of  Black  River,  but  when  the  ground  was 
examined  with  reference  to  a  supply  for  deep  waterways  it  was  found 
not  nearly  as  extensive  as  had  been  pn^viously  assumed.  Thi.s  fact 
being  clearly  ascertained,  attention  was  then  turned  to  low(»r  Bhick 
River.  From  lM)rcstport  to  Port  Ley(hMi  tlie  stn^am  flows  through  a 
broad,  sandy  valley  witli  no  rock  showing  at  the  sides,  althougli  at 
several  places  it  appears  in  tlie  bed  of  the  stream.  For  this  r(»ach  of 
river  an  ext(»nsive  barrage  is  impossible,  ex(»ept  at  great  cost.  The 
ends  of  a  dam  would  necessarily  penetrate  a  long  distance  into  the 
sand  hills  at  tin*  sides  with  deei>  con*  walls  down  on  bed  rock.  Above 
Port  Leyden  the  rock  is,  so  far  as  observed,  limestone,  but  at  that 
place  the  granitic  rocks  of  the  Adironda<*k  region  appear.  At  Lyons 
Falls  there  is  a  nearly  vertical  fall  of  ♦>S  feet.  Below  this  place,  which 
is  the  northerly  end  of  Black  River  Canal,  the  long  stretch  of  .still 
water  extending  to  Carthage  begins.  The  valley  gradually  widens 
out  until  a  width  of  from  2  to  <>  miles  is  attained  iu  places.  A  dam 
at  Carthage  4.S.5  f(»et  in  height  will  flood  alxuit  75  square  mih*s  and 
iniiM»uiid  over  o'J,0(M\n(K),0(M)  cubic  feet  of  water.  The  re<*onnoissance 
having  developed  this  general  fact,  it  appeared  probable  that  th(» 
proper  place*  for  a  large  storage  on  Bla<*k  River  was  at  Carthaire,  pro- 
vided a  practicable  way  could  be  found  for  delivering  the  stoi'(Ml  water 
into  proposed  summit  level  in  vicinity  of  Ronu\  Continuing  the 
reconnoissance,  it  appeared  that  the  delivery  could  be  accomplished 
in  two  ways — either  by  the  construction  of  a  feedei*  line  following  the 
contour  from  Carthage  around  the  western  slope*  of  tin*  high  land  of 
Lewis,  Jetferson,  Oswego,  and  Oneida  counties  to  a  convenient  point 
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iu  the  vicinity  of  Rome,  or  by  a  tunnel  21  miles  in  length  through  the 
intervening  ridge  from  the  foot  of  Lyons  Falls  to  North\vesti?rn,  a 
point  on  IJlack  River  Canal  in  valley  of  Upper  Mohawk.  The  broad 
features  of  these  i)rojects  aiv  shown  by  plate  Uli,  On  referring  the  mat- 
ter to  your  Boai-il  it  was  decided  to  investigate  in  detail  the  feeder  line 
from  Carthage  around  slope  of  hill,  preparing  only  sueh  estimates  of 
cost  on  the  tunnel  as  could  be  made  without  special  investigation. 
This  i>oint  having  been  settled  by  your  Board,  the  preliminary  sur- 
veys of  the  feeder  line  were  begun  August  25,  the  work  being  under 
the  pei-sonal  charge  of  J.  Y.  MeClintock,  C.  E.,  who  was  selected 
as  principal  assistant. 

In  the  meantime  other  parties  were  organized  and  gaugings  of  a 
large  number  of  streams  tributary  to  Mohawk  River  and  Oneida  Lake 
were  instituted,  the  object  of  such  gaugings  being  to  obtain  informa- 
tion as  to  both  high  and  low  water  flow  of  these  streams.  The  results 
of  the  gaugings  from  September  to  May,  inclusive,  are  presented 
further  on. 

The  proposed  Black  River  feeder  presents  a  novel  feature  in  this, 
that  the  toi>ography  is  such  as  to  permit  of  utilizing  a  considerable 
extent  of  natural  channel,  as  may  be  appreciated  by  reference  to  plate 
93,  where  the  more  important  utilization  on  this  line  is  shown. 

The  following  tabulation  gives  the  relative  proportions  of  natural 
and  artificial  channel  on  this  feeder: 

Miles. 

Natural  channel 49.19 

Artificial  channel 43.56 

Total  length  of  feeder 92.75 

Further  study  of  the  water  supply  problem  indicated  the  desira- 
bility of  having  a  considerable  body  of  water  available  and  not  too  far 
away  from  the  main  summit  level  of  deep  waterway.  On  this  line 
resei*voir  sites  have  been  investigated  on  Fish  Creek,  near  Blossvale 
(Taberg  Station),  and  on  the  same  stream  just  above  the  village  of 
Camden,  as  well  as  on  Salmon  River  above  High  Falls.  The  topo- 
graphical condition  in  Fish  Creek  Vallej'  are  favorable  at  both  the 
localities  examined,  but  the  borings  indicate  foundations  of  from  80 
to  00  feet  deep  in  quicksand.  In  view  of  this  adverse  condition  the 
Fish  Creek  sites  have  Ix^en  left  undeveloped,  but  that  on  Salmon 
River  has  been  developed  as  possibly  an  important  auxiliary  to  the 
water  supply. 

The  foregoing  indicates  the  broad  lines  of  study  required  to  deter- 
mine a  proper  water  supply  for  the  deep  waterways  summit  levels. 
In  the  report  much  of  the  detail  is  omitted,  only  such  l>eing  presented 
as  appeal's  necessary  for  a  clear  undei*standing  of  each  section.  The 
following  may  be  taken  as  a  general  summary  of  the  work  done: 

(1)  Survey  of  proposed  Black  River  feeder  from  Carthage  to  near 
Fort  Bull,  a  distance  of  92.7  miles. 
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(2)  Survey  of  proposed  Black  River  reservoir  site  in  Black  River 
Valley  from  Carthage  to  Lyons  Falls. 

(3)  Survey  of  Salmon  River  reservoir  site. 

(4)  Survey  of  two  reservoir  sites  on  West  Branch  of  Fish  Creek, 
(o)  General  examination  as  to  flood  reservoirs  in  the  valleys  «)f  West 

Canada,  East  Canada,  and  Schoharie  creeks. 

(0)  The  establishing  of  ccmtinuous  daily  gaugings  of  Mohawk, 
Oswego,  Seneca,  I51ack,  and  Hudson  rivers,  and  of  sti-eams  tributaiy 
to  Mohawk  River  and  Oneida  Lake. 

(7)  A  study  of  existing  information  n^lating  to  flo«Kl  flows  over  dams 
having  indicated  the  necessity  for  more  accurate  knowledge,  an 
exten<led  series  of  experiments  have  been  made  at  the  Cornell  Uni- 
versity hydraulic  laboratory.  The  results  of  these  experiments,  as 
presented  herewith,  are  believed  to  be  uniciue  in  this,  that  they  extend 
definite  information  as  to  flow  over  weii^s  of  various  profiles  consider- 
ably beyond  previous  limits. 

(8)  A  number  of  special  studies  have  been  made  i*elating  to  hydrol- 
ogy, canal  and  tunnel  construction,  and  which  are,  so  far  as  necessary 
for  full  understanding,  embodied  in  this  report. 

CATCHMENT  AREAS  AND  MAPS. 

There  being  no  satisfactory  catchment  area  maps  of  Hudson, 
Mohawk,  and  Black  rivers  and  Oneida  Lake  catchment  areas  (to  l>e 
considered  in  this  study),  it  l)ecame  necessiiry  to  prepare  such  maps. 
Plates  04,  95,  IMj,  and  1)7  present  maps  of  these  nmin  catchment  areas, 
while  the  several  small  areas  tributary  to  the  proposed  Black  River 
feeder  are  shown  on  plate  1'3.  The  following  are  the  main  subdivisions 
of  the  various  areas  considered: 

HUDSON   RIVER  CATCHMENT  AREA. 

S<iiiare  mllcM. 

Hudson  River,  above  month  of  Mohawk 4,  Oi7. 0 

Hudson  River,  above  Mechanicville 4,  .506. 7 

Hudson  River,  above  Hadley 1 ,  678. 7 

Hoosick  River,  above  month 710. 6 

Batten  Kill  River,  above  mouth 437.  o 

Sacuudaga  River,  above  mouth 1,  Oo6. 5 

Sohroon  River,  above  mouth 570. 0 

Scbroon  River,  above  gauging  station 56.3.0 

MOHAWK   RIVER  CATCHMENT  AREA. 

Mohawk  River,  above  mouth 3,468.1 

Mohawk  River,  above  Rexford  Flats 3,384.9 

Mohawk  River,  above  Little  Falls 1,306.0 

Mohawk  River,  above  Ridge  Mills 152. 5 

Schoharie  Creek,  above  mouth 947.  () 

Schoharie  Creek,  above  gauging  station 940.7 

Cayadutta  Creek,  above  mouth 62.2 

Cayadutta  Creek,  above  gauging  station 40. 0 

Garoga  Creek,  above  mouth 89. 8 


DEEP   WATERWAYS.  577 

Square  miles. 

Garoga  Creek,  above  ganging  station 80.8 

East  Canada  Creek,  above  month 283.6 

East  Canada  Creek,  above  gauging  station 2r)5. 6 

West  Canada  Creek,  above  month 568.7 

West  Canada  Creek,  above  ganging  station 518. 7 

Saqnoit  Creek,  above  month 67.2 

Saqnoit  Creek,  above  ganging  station 51.5 

Oiiskany  Creek,  above  month 146. 1 

Oriskany  Creek,  above  lower  ganging  station  ( at  Oriskany ) 144. 3 

Oriskany  Creek,  above  npper  ganging  station  (at  Colmans) 140. 7 

Nine  Mile  Creek,  at  month 73.6 

Nine  Mile  Creek,  at  ganging  station _ .  62. 6 

Area  on  north  side  of  Mohawk  River,  l>etween  West  Canada  and  Nine  Mile 
creeks,  including  Crane  Creek,  Reels  Creek,  Knapp  Brook,  Bndlong 

Creek,  Sterling  Creek,  Bridenbacker  Creek,  and  adjacent-territory 85. 7 

Area  on  north  side  of  Mohawk  River,  between  West  Canada  Creek  and 

Liitle  Falls,  including  Beaver  Brook  and  adjacent  teiTitory 15. 5 

Area  on  south  side  of  Mohawk  River,  between  Sauquoit  Creek  and  Little 
Falls,  including  Ballou  Creak,  Factory  Creek,  Ferguson  Creek,  Moyer 

Creek,  .Steele  Creek,  Fnlmer  Creek,  and  adjacent  territory 139. 1 

Six  Mile  Creek  and  adjacent  area  to  east  of  that  creek 54. 5 

BLACK  RIVER  CATCHMENT  AREA, 

Black  River,  above  mouth 1,930.2 

Black  River,  above  Watertown  (Remington  dam) 1, 891 . 7 

Black  River,  above  Watertown  (Huntington ville  dam) 1,888.6 

Black  River,  above  Black  River  Village  (Huntington's  dam) 1, 868. 9 

Black  River,  above  Rawson's  dam  (4  miles  below  Carthage) 1 .  824. 1 

Black  River,  above  Carthage  (State  dam) 1,812.1 

Black  River,  above  Forestport 268. 0 

Black  River,  at  mouth  of  Moose  River,  but  not  including  Moose  River 

area 463.0 

Deer  River,  above  month 102. 0 

Deer  River,  above  Deer  River  Village 100.8 

Beaver  River,  above  month 337.5 

Beaver  River,  above  Beaver  Falls 322.3 

Moose  River,  above  mouth ..      415.5 

Moose  River,  above  Agar 's  paper  mill 407.3 

Woodhull  Creek,  above  mouth 108. 4 

Otter  Creek,  above  Casler's  dam  (one-half  mile  above  mouth  of  creek) . . .        63. 0 

Independence  Creek,  at  mouth 98.8 

Independence  Creek,  at  dam  (3  miles  above  mouth) 93. 2 

OSWEGO  RIVER  CATCHMENT  AREA. 

Oswego  River,  above  mouth 5,001.8 

Oswego  River,  above  gauging  station  (Fulton) 4,915.6 

Seneca  River,  above  mouth  of  Oneida  River ._ 3,4;J3. 1 

Seneca  River,  above  gauging  station  ( Baldwinsvllle) 3, 103. 0 

Oswego  River,  below  mouth  of  Oneida  River .,       167.1 

Oswego  River,  between  Fulton  and  Three  Rivers  Point 81.0 

ONEIDA  RIVER  CATCHMENT  AREA. 

Oneida  River,  above  mouth 1.401.6 

Oneida  River,  above  Brewerton 1,265.2 

II.  Doc.  141) 37 
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8quar»»  milo*. 

Chittenango  Creek,  above  mouth 3(»8.T 

Chittenango  Creek,  above  gauging  station 'Mn\Ai 

Oneida  Creek,  alx)ve  mouth.   1 4^.  r» 

Oneida  Creek,  above  gauging  station ."iD.o 

Wood  Creek,  above  mouth V2CKr} 

Fish  Creek,  above  Wood  Creek. 4(^(1.4 

Fish  Creek,  East  Branch,  al>ove  gauging  station 1 04. 8 

Fish  Creek,  West  Branch,  above  gauging  station _  1  Sfi.  7 

CATCHMENT   AREAS  OF  STREAMS  TRIBUTARY   TO  FEEDER   LINE,  ETC. 

Deer  Lick  Creek 7. 1 

Side  Hill 1.7 

Townsend  Brook 7.;^. 

Rutland  Hollow,  east 0.1 

Rutland  Hollow,  west 0.6 

West  Branch  Sandy  Creek 13.4 

Rutland  Creek 18.7 

North  Branch  Sandy  Creek 61.  o 

Rodman  Brook i».  I 

AdamsBrook 8.7 

Side  Hill 1.0 

South  Branch  Sandy  Creek 44.3 

DeerCreek 22.8 

Lorraine  Creek  . n.s 

Bear  Creek 6.0 

Pierpont  Manor  Creek O.H 

North  Branch  Skinner  Creek 2.3 

Middle  Branch  Skinner  Creek     .   .5.6 

South  Branch  Skinner  Creek . 3.2 

Lindsey  Creek 4.0 

North  Branch  Little  Sandy  Creek 3.2 

Middle  Branch  Little  Sandy  Creek 2.3 

Little  Sandy  Creek 13.3 

SideHiU 2.0 

Trout  Brook... _  8.1 

SideHiU 1.0 

South  Branch  Trout  Brook 9.4 

Orwell  Brook 8.0 

PekinBrook 6.2 

Salmon  River,  above  High  Falls,  at  site  of  proposed  reservoir  dam  (gaug- 

ingstation) 190.r» 

Salmon  River,  between  gauging  station  and  feeder  line s.4 

Beaver  Dam  Brook !.■>.  4 

Fish  Creek  ( West  Branch ) ,  at  Williamstown  upper  dam 16.2 

Fish  Creek  (West  Branch),  at  Williamstown  lower  dam 16.5 

Fish  Creek  (West  Branch),  at  West  Camden 47.  r. 

Fish  Creek  (West  Branch),  at  De  Lapp's  dam 60.  n 

Fish  Creek  (West  Branch), at  Camden  gristmill  dam 61.4 

Fish  Creek  (West  Branch) ,  at  Camden  foundry  dam 61 .  o 

Fish  Creek  (West  Branch) ,  at  Planing  Mill  dam .  61.5 

Mad  River,  at  mouth  .   . 52. 1 

Mad  River,  at  Owens  dam 46. 6 

Mad  River,  at  Conants  dam _ 46.5 
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S<iuare  miles. 

LittleRiver   53.6 

Corey  Brook 9.1 

Buell  Brook 5.7 

Beaver  Brook,  above  feeder  line 11.4 

Canada  Creek,  above  feeder  line 34.0 

Wood  Creek,  above  Fort  Bull 34.8 

RUN-OFF   DATA   OF   STREAMS   IN   STATE   OF   NEW    YORK. 

In  the  author's  opinion  the  data  for  estimating  water  supplies  of 
canals,  especially  when,  as  in  the  pi^esent  ca^e,  they  are  on  very  large 
scale,  should  be  based,  when  the  data  are  available,  upon  actual 
gaugings  of  sti'eams  rather  than  on  general  considerations  derived 
from  study  of  rainfall.  An  examination  of  a  large  number  of  esti- 
mates of  canal  water  supplies,  based  on  the  usual  methods,  shows 
that  rainfall  data  alone  are,  in  close  cases,  inadequate  for  solving  a 
water-supply  problem  of  the  magnitude  of  the  one  now  under  consid- 
eration. When,  however,  actual  gaugings  of  streams  extending  over 
sufficient  number  of  years  are  available,  there  is  no  reason  why  a 
water-supply  problem  on  a  large  scale  may  not  be  worked  out  with  the 
precision  of  a  proposition  in  mathematics.  It  is  believed  that  in  the 
present  cme  the  data  are  available  for  computing  the  water  supply  of 
the  projwsed  deep  waterways  summit  levels  substantiall}'  with  such 
precision.  It  is  not  intended  to  say,  however,  that  rainfall  data  are 
not  of  use  in  a  hydrologic  discussion.  When,  as  in  the  present  case, 
in  addition  to  stream  gaugings,  an  extended  series  of  such  data  are 
available,  the  argument  is  made  doubly  good  and  the  demonstration 
strengthened.  The  discussion  under  this  head  will  be  extended  in 
the  chapter  on  Meteorology  of  New  York  and  the  Relations  of  Precip- 
itation to  Run-off.  Plate  98  shows  stations  at  which  rainfall  observa- 
tions have  been  kept  in  the  State  of  New  York  at  places  in  or  near  the 
vicinity  of  catchment  areas  of  Hudson,  Mohawk,  Black,  Oswego,  and 
Seneca  rivers  and  Oneida  Lake.  The  figures  underneath  the  name 
of  each  station  give  the  average  rainfall  in  inches,  the  number  of 
yeai*s  of  observation,  and  tlie  elevation  of  the  station  above  tide  water. 
The  detail  of  the  precipitation  recoitls  used  in  compiling  plate  98  may 
be  mostly  found  in  Tables  Nos.  20  to  118,  accompanying  this  report. 

In  the  State  of  New  York  fairly  reliable  gaugings  of  Croton  River 
are  available  from  the  year  1870  to  1898,  inclusive.  This  stream  was 
gauged  for  a  few  years  prior  to  1870,  but  the  record  previous  to  that 
year  is  possiblj'  open  to  some  (xuestion,  and  is  not  generally  used  by 
hydrologists.  Gaugings  have  also  been  inade  of  Hudson  River  at 
Mechanicville  from  October,  1887,  to  the  present  time,  and  of  Oatka 
Creek,  a  tributary  of  Genesee  River,  from  April,  1890,  to  December, 
1892,  and  of  Genesee  River  at  Rochester  from  March,  1893,  to  the 
present  time,  and  also  of  the  same  stream  at  Mount  Morris  from  Sep- 
tember, 1893,  to  March,  1897.  By  making  the  proper  reductions  and 
compiling  these  several  gaugings  of  Oatka  Creek  and  Genesee  River 
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a  useful  record  of  (Teiiesee  River  run-off  from  April,  1890,  to  the 
present  time  may  be  had,  certain  months  omitted  in  the  record  being, 
however,  obtained  l)y  interpolation.  It  is  proper  to  observe,  however, 
that  the  record  for  the  years  1897  and  1898,  which  is  based  upon  gaug- 
ings  at  Rochester,  is  sonunVhat  approximative.  It  may  be  affected 
by  erroi-s  of  from  10  to  15  per  cent.  The  balance  of  Genesee  River 
record  is  considered  to  be  much  more  accurate  than  this. 

Without  going  into  the  subject  extensively  it  may  l>e  i*emarked  that 
the  two  important  ivcoixls  for  use  in  the  present  connection  are  those 
for  Genesee  and  Hudson  rivei-s,  which  have,  accordingly,  been  com- 
piled for  the  years  1892  to  1898,  inclusive,  and  are  herewith  presented.^ 

Table  No.  1  gives  the  run-off  of  (4enesee  River  at  Mount  Morris, 
w-here  the  drainage  area  is  1,070  square  miles,  for  the  water  years 
1892-1898,  inclusive,  in  inches  on  the  watershed.  Table  No.  2  gives 
the  same  data  in  cubic  feet  per  secon<l,  and  Table  No.  3  x^resents  these 
data  in  cubic  feet  per  scjuare  mile  per  second.  These  tables,  as  well 
as  those  following,  are  arranged  for  a  water  year  beginning  with  the 
month  of  December  of  the  previous  y(»ar.  Thus  the  water  year  18t)2 
begins  with  December,  1891,  and  so  on  thi'oughout  all  the  run-off  and 
precipitation  tables. 

The  following  streams,  tributary  to  propose<i  Black  River  feeder, 
are  considered  to  have  run-offs  fairly  comparable  with  that  of  Gene- 
see River,  namely:  Deer  Lick  Creek.  Townsend  Hi^ook,  Rutland  Hol- 
low Creek,  Sandy  Creek,  Rutland  Creek,  Noi-th  Branch  Sandy  Creek, 
Roflman  Brook,  Adams  Brook,  South  Branch  Sandy  Creek,  Deer 
Creek,  Lorraine  Creek,  Bear  Creek,  Pierrepont  Manor  Creek,  Nortli 
Branch  Skinner  Creek,  Middle  Bran(*h  Skinner  Creek,  South  Branch 
Skinner  Creek,  North  Bolyston  Creek,  North  Branch  Little  Sandv 
Creek,  Middle  Branch  Little  Sau<ly  Creek,  and  Little  Sandy  Creek. 
The  catchment  area  of  these  streams,  with  intervening  stretches  of 
side  hill  ai'ea,  is,  roundly,  253  square  miles.  When  (examined  on 
August  10-18,  1898,  these  streams  were  all  nearly  dry,  the  entire  flow 
not  exceeding  20  cubic  feet  per  second.  The  catchment  ar<»as  from 
w^hich  they  issue  are  in  the  elevated  region  to  the  south  of  Water- 
town,  which  is  mostly  deforested  and  in  a  high  state  of  cultivation, 
either  for  dairy  or  grain  farming,  and  where  the  pi'e vailing  rocks  are 
limestone  and  shales,  with  heavy,  impervious  soils.  As  shown  in  the 
chapter  on  Flooil  Flows  of  Streams  in  the  State  of  New  York,  the 


'  Complete  details  of  Hudson  and  Genesee  rivers  run-off  records  maybe  found  in 
Water-Supply  and  Irrigation  Papers  of  the  United  States  Geological  Survey.  Nos. 
24  and  25— ••  Water  resources  of  the  State  of  New  York,"  by  George  W.  Rafter. 
Also  in  the  original  reports  on  Genesee  and  Hudson  Rivers  Storage  Projects  in 
the  annual  reports  of  the  State  engineer  and  surveyor  of  the  State  of  New  York. 
Discussions  of  various  phases  of  these  records  may  be  found  in  the  author's  paper 
on  the  **  Data  of  stream  flow  in  relation  to  forests.**  a  lecture  before  the  engineer- 
ing classes  of  Cornell  University,  April  U,  isuu,  to  b^  found  in  the  Proceedings  of 
the  Association  of  Civil  Engineers  of  Cornell  University,  1899. 
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floocl  discharges  of  many  of  these  streams  are  very  heavy,  while  from 
the  impervious  nature  of  the  soil  and  its  small  capacity  for  retaining 
water,  the  summer  flows  are  either  very  light  or  practically  nothing. 
Such  characteristics  at  once  place  these  streams  in  same  category  as 
Genesee  River. 

Table  No.  4  has  been  computed  from  the  Genesee  River  data  as 
per  table  No.  3,  and  gives  the  run-offs  of  the  foregoing  streams  trib- 
utary to  the  feeder  line  for  the  navigation  months  of  each  year  from 
1892  to  1898,  inclusive,  the  month  of  April  being  taken  in  the  first 
part  of  the  table  as  one-half  a  month.  This  gives  a  period  from 
April  15  to  November  30,  inclusive,  of  229  days,  or  7  days  more  than 
the  average  season  of  navigation  on  Erie  Canal,  the  extra  time  of 
water  supply  being  i*equired,  however,  in  order  to  cover  possible  con- 
tingencies of  filling. 

In  case  of  demands  for  watei'  before  April  15  the  records  sliow  the 
run-off  of  tributaiy  streams  as  sufficient;  or,  if  there  were  to  be  a 
slight  shortage,  it  could  be  met  either  by  draft  on  the  excess  storage 
of  Black  River  reservoir  or  from  the  emergency  reservoirs  of  the  Sus- 
quehanna-Mohawk  divide. 

The  detail  of  Hudson  River  gaugings  has  been  given  so  fully  in 
the  reports  on  Hudson  River  Storage,  to  be  found  in  the  annual 
reports  of  the  State  engineer  and  surveyor,  and  also  in  the  author's 
reports  on  Water  Resources  of  the  State  of  New  York,  Water-Supply 
and  Irrigation  Papers  of  the  United  States  Geological  Survey,  Nos. 
24  and  25,  as  to  render  extended  description  unnecessary  in  this 
place.     Table  No.  120  also  embodies  these  data. 

Table  No.  5  gives  the  i*un-off  of  Hudson  River  at  Mechanicville, 
where  tlie  catchment  area  is  4,500  sciuai'e  miles,  in  inches  on  the  area, 
for  the  wat^r  years  1802  to  1808,  inclusive.  In  regard  to  the  catcli- 
ment  area  of  Hudson  River  at  Mechanicville,  a  computation  thereof 
made  from  catchment  area  map,  plate  04,  indicates  4,50(). 7  square  miles 
as  the  true  figuiv,  rather  than  4,500  square  miles,  the  figure  previ- 
ously obtained  from  less  accurate  maps.  This  difference  is,  however, 
so  small  I  hat  it  has  been  deemed  best  not  to  recompute  the  vast 
amount  of  accumulated  data  of  the  author's  work  in  previous  years, 
which  hinge  upon  an  assumed  catchment  area  at  Mechanicville  of 
4,500  square  miles,  and  that  figure  has  accordingly  been  retained  for 
the  computations  in  this  report.  In  any  case,  the  error  is  onlj'  about 
fifteen-hundredths  of  I  per  cent. 

Table  No.  0  gives  the  same  data  of  Hudson  River  as  table  No.  5, 
with  the  run-offs  in  cubic  feet  per  secon<l. 

Table  No.  7  gives  the  run-off  of  Hudson  River  for  the  water  yeai's 
1892  to  1808,  inclusive,  in  cubic  feet  per  square  mile  per  second. 

In  table  No.  8  we  have  the  run-off  of  streams  tributary  to  the  pro- 
posed Black  River  feeder  and  which  are  considered  to  be  in  the  same 
category  as  Hudson  River,  namely:  Trout  l>r(H>k,  South  Branch  of 
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Trout  Brook,  Onvell  Brook,  Pekin  Brook,  Salmon  River,  l^eaver  Dam 
Brook,  West  Branch  of  Fish  Creek,  Mad  River,  Little  River,  Corey 
Brook,  Biiell  Brook,  and  Kast  Brancli  of  Fish  Creek,  the  total  catch- 
ment area  of  these  streams,  with  small  intervening  areas,  beinjj^  443 
square  miles,  which,  however,  does  not  inchule  Salmon  River  area  of 
190.5  square  miles  above  proposed  barrage  on  that  stream. 

In  passing  from  north  to  south  along  feeder  line  the  character  of 
the  countr}'  changes  at  about  Trout  Brook.  The  difference  in  flow 
of  streams  here  was  exceedingly  marked  when  the  author  passed  over 
the  ground  on  reconnoissance,  August  18, 1808.  To  the  north  of  Trout 
Brook  the  streams  were,  as  stated  on  a  previous  page,  dry  or  nearly  dry. 
That  stream,  however,  had  a  good  discharge,  as  did  Pekin  and  Orwell 
brooks,  Salmon  River,  and  Beaver  Dam  Brook.  So  far  as  known,  the 
meteorological  conditions  of  the  two  regions  had  remained  constant 
for  several  days  previously.  The  difference  in  run-off  may  be  partly 
ascril>ed  to  difference  in  I'orestation,  the  areas  from  which  Tix)ut  and 
Pekin  brooks,  Salmon  River,  and  Beaver  Dam  Brook  issue  IxMug  much 
more  extensively  timl>ered  than  the  ai'eas  farther  north.  The  surface 
soils  are  also  open  and  sandy,  with  the  underlying  rock  consisting 
largely  of  Oswego  san<lstone — conditions  which  all  tend  to  increase 
the  summer  water  yield  of  the  issuing  streams.  Taking  into  account 
also  the  meteorology  of  the  region,  it  api)eai's  proi)er  to  apply  to  these 
streams  the  run-off  data  of  Hudson  River,  and  it  is  on  this  basis  that 
table  No.  8  has  l)een  computed,  the  first  i>eriod  covered  being  taken, 
as  in  the  case  of  table  No.  4,  from  April  15  to  November  30,  inclusive. 

In  Oswego-Mohawk  valleys  there  are  a  number  of  streams  of  which 
the  run-offs  are  not  properly  classifiable  either  with  Genesee  River  or 
with  Hudson.  A  study  of  the  gaugings  of  these  stivams  made  from 
September,  181)8,  to  May,  1801),  inclusive,  together  with  a  study  of  the 
topographical,  geological,  and  forestry  conditions,  indicate  that  tliese 
streams  fall  in  a  category  by  themselves,  apparently  best  repn*sonted 
by  a  run-off  which  is  a  mean.  l>etween  Genesee  and  Hudson  i*i vers 
data.  Table  No.  1)  has  been  prepared  on  this  basis  for  the  water 
years  181»2-1808,  inclusive. 

Table  No.  10  shows  the  run-off  from  Upper  Mohawk  and  Nine-Mile 
Creek,  with  a  total  catchment  area  of  22C)A  square  miles,  for  the  wat(»r 
years  18112-1898,  inclusive,  based  on  means  of  Genesee  and  Hudson 
rivers  data,  as  per  table  No.  1),  with  quantities  in  cubic  feet  per 
second. 

There  are  also  a  number  of  streams  in  the  vicinity  of  Rome  and 
Ctica  of  which  the  run-off  coefficient  is  somewhat  uncertain,  the 
information  at  hand  indicating,  however,  Genesee  River  more  m^arly 
than  anything  else.  As  a  measure  of  safety  it  has  been  deemed  best 
to  apply  Genessee  River  data  to  the  following  streams:  Six  Mile 
Creek,  Beaver  Brook,  Canada  Creek,  Wood  Creek  alxjve  Fort  Hull, 
Sauquoit  Creek,  and  Oriskany  Creek.     The  total  catchment  an^a  of 
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these  streams  is  348  sqiiaiv  miles.  Table  No.  11  gives  the  mean 
monthly  run-offs  in  cubic  feet  per  second  for  the  water  years  1802- 
1808,  inclusive,  on  the  basis  of  Genesee  River  data.  Table  No.  12 
gives  evaporation  from  a  water  surface,  as  observed  at  Mount  Hope 
reservoir  of  Rochester  waterworks  from  1802  to  1808,  inclusive.  The 
application  of  these  several  tables  to  the  solution  of  the  water-supply 
problem  in  hand  will  appear  as  we  proceed  further  with  the  discussion. 

Table  No.  1 — Showing  nin-off  of  Oeneaee  River  at  Mount  MonHn^  N.  Y, 
[In  inches  on  the  catobmeut  area.] 


Month. 


December  . 
January  .... 
February. 

March 

April 

May 

June 

July 

August 

September 

October 

November . 

TotalH 


imi. 


1.04 
.78 
l.M 
l.$»4 
2  21 

i!r5 

1.41 

2.06 

1.43 

.24 

.33 

.57 


\mv      \m\ 


1.45 
l.((5 
1.29  I 
2.31  I 
2.50 
2.dO  I 
.35  I 
.30  , 


.38  i 
.54 


2.34 

1.40 

.86 

3.31 

3.30 

4.43 

1.10 

.14 

.22 

.03 

.44 

.82 


15.42      14.35  I    19.:)8 


1805. 


0.61 

.m 

.22 

1.04 
2.01 
.19 
.13 
.11 
.12 
.10 
.11 
.47 


6.67 


18Mi. 


1.32 

.11  i 

3       I 
3.38  > 

.17 

.39 

.24 

.20 

.16 
1.74 

.82 


1897.    ;    1898. 


0.79  I 

.78 

.79  1 
2.65  ; 
1.31 

.99  ' 

.44  ' 

.46 

.44 

.18 

.18 

.37 


0.95 

1.95 

1.86 

2. 75 

1.65 

1.25 

.80 

.45 

.80 

.50 

.78 

1.40 


12.8l»        9.;**  1      15.33 


Table  No.  2.Skoiving  mean  run-off  of  Genenee  River  at  Mount  Mornn,  N.  Y., 
from  a  catchment  area  of  1,070  square  miles, 

[In  cubic  leet  iwr  second.] 


Month. 


1892.        iHffl    I     1H94. 


1^95. 


1896.        1897. 


1898. 


December  . 
January  ... 
February.. 

March 

April 

>ray 

June 

July 

Au^UHt 

September . 

October 

November . 

Mean4 


965 

724 

l,6Ei4 

1,803 

2,119 

1.624 

1.352 

1,912 

1,327 

230 

3116 

547 


Am 

5H* 


2, 170 

1,297 

884 

3,074 

3.?45 

4.108 

1.050 

132 

2U0 

888 

407 

7H2 


568 
604 
224 
1,81B 
1,027 
174 
128 
lUi 
115 
100 
1(H 
449 


1.211       Ll:t2       1,525  1 


1.226 
4:» 
907 

2,786 

3,245 
157 
374 
226 
188 
148 

1,664 
782 


7;» 
?24  I 
812  I 
2,459 
l.S.'W 
919 
422  I 
427  ' 
408 
173 
lb7 
:K5 


526 


r.i» 


882 

1,810 

1.900 

2,552 

1.582 

1,160 

767 

418 

742 

464 

724 

1,342 


Table  N(>,  '-^^—Showiny  the  mean  run-off  of  Genesee  Riv^rat  Mount  Morris,  N.  V., 
for  vach  square  mile  of  catchment  area. 

[In  cubi<?  feet  j>er  second.] 


Dec**ml)er  . 
January  ... 
February.. 

Mar«"h 

April 

May 

June 

July. 

August 

September 
0<*t<>l>er.  .. 
Novenil>er. 


Month. 


916 
67tl 
517 

682 
984) 
518 

-tn 

787 
146 
214 
276 
511 


M.Mins 1.12:J 


IfW.'. 


181«}. 

1894. 
2.<)28 

1M«. 

1896. 
1.145 

1897. 
0.685 

1898. 

1.259 

O.'iiHi 

0.824 

1.(^99 

1.212 

.564 

.407 

.676 

1.691 

i.2a» 

.8i6 

.2IW 

.847 

.759 

1.775 

2.(MK4 

2.873 

1.685 

2.6t>4 

2.295 

2.385 

2.2:W 

3.03:3 

1.800 

3.033 

1.174 

1.474 

2.255 

3. 8;«» 

.163 

.147 

.S")8 

1.084 

.314 

.981 

.119 

.:H9 

.31>4 

.717 

.259 

.12:3 

.098 

.211 

.4110 

Am 

Am 

.187 

.107 

.176 

.381 

.mi 

.2J« 

.K«) 

.093 

.138 

.  m 

.4:10 

.:M8 

.mt 

.097 

LWi 

.  1,'kl 

.677 

.484 

.731 

.419 

.824 

.m 

1.754 

l.JkV 

1.421) 

.4») 

.ftVi 

.690 

l.i:J3 

584 
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Table  No.  ^.—Slwwing  nni-off  of  strramn  tn'lmtary  to  Black  River  feeder,  north 
of  Trout  Brook,  based  on  Genesee  River  data  for  years  1S9:?-L^9S,  inclnsii*e. 

[Catchment  area  of  253.3  square  miles.    Quaiititiet)  in  cable  feet  ])er  net^ond.] 


Period. 


April 

May 

June 

July 

Augrust 

Septemlier  

Octolwr 

November 

Means 

D«»cemljer  (preceding  year) 

January  

February  

March 

April 


284 

228 
171 
884 
426 
502 


182 

819 
4311 
814  • 
508  . 
567 


290  I 

514  ! 
807  : 
209 

728  I 


67  I 

134  ' 
143  i 
53 
427 
456  ; 


16<{ 
565  I 

108 : 

215  I 
660  I 
768  . 


m. 

1893. 

1891. 
767 

1895. 
456 

I89tl. 
768 

1MP7. 

IXW. 

502 

567 

297 

373 

385 

571  '. 

972 

41 

87  , 

218 

265 

330 

80 

248 

80 

88 

100 

182 

453 

66 

31 

25 

52 

101 

99 

290 

77 

47 

27 

45 

97 

176 

54 

75 

210  1 

34 

35 

41 

109 

70 

88  . 

96 

25 

394  ; 

4<l 

171 

129 

133 

185  1 

106 

209 

84 

444 

111 

174 
Vtii 
192 
581 
297 


217 

200 
428 
450 
6118 
373 


Table  No.  5. — ShoiHng  run-off  of  Hudson  River  at  MechanicviUv,  X  Y, 
[In  inches  on  the  catchment  area.] 


Month. 

1892. 

2.27 
4.K3 
2.22 

5!  80 

5.%> 
5.<« 
8.08 
2.38 
1.41 
1.10 
.?i 
1.89 

1898. 

1894. 

1.85 

1.73 

1.13 

3.78 

2.76 

1.94 

1.76 

.81 

.03 

.47 

.94 

1.58 

m. 

December 

1.08 

.82 

1.00 

2.11 

4.44 

5.71 

1.19 

.65 

1.28 

1.70 

.99 

.90 

1.12 

January - 

.90  • 

February 

.82  ! 

March 

1.08 

iiS?';.::::;:--:::::::::::::::::::::-.::-.:::;; 

5.91 : 

1.76 

June. -.  ... 

70 

July 

.66 
1.00 

.69 
2.08 

Augfust ...... 

September 

Octoljer 

November 

Totals 

33.  U8  , 

21.90 

19.37 

17.46 

189a 


2.79 
1.74 
1.12 
3.49 
6.20 
1.18 
1.18 


.71 
1.05 
2.82 


897. 

1H98. 

1.77 

3.67 

1.00 

1.97 

.90 

1.56 

3.13 

6.  IS 

4.r3 

3.44» 

3.(4 

2.K3 

2.94 

i.;» 

2.74 

.w 

2.11 

1.30 

.08 

.96 

.t!5 

2.02 

2.47 

2.21* 

33.63   26.19  1 


27.12 


Table  No.  0, — Showing  mean  run-off  of  Hudson  River  at  Meclunncville,  X.  1'., 
from  a  catchment  area  of  4Mn>  square  miles. 


Dec»»ral»er  . 
January  ... 
February  . . 
March  ...  . 

April 

May 

June 

July 

AUKUHt 

September. 
()ctol)er  .. 
November . 


Means 


[In  cubic  feet  i)er  f^econd.  J 


Month. 


iWtt. 


8,577 
18.H57 
9.263 
10,929 
21.554 
19.622 
12.:«ft 
9.287 
5, 485 
4.448 
2.819 
7.6m 


lo.i«« 


18«J. 


031 
192 
805 

2.J0 
M8« 
28.1 
801 
521  : 
0(15  ' 
870 
865  : 
639  I 


1S94. 


7.217 
H,  7.'S7 
i.KM 

u,m 

7JW7 
a  168 
2.4.VJ 
k,K8M 
^.(U1» 
*k3n> 


,271  1    6.41« 

I 


1H95. 


4.367 
3,876 
:f.54:) 
4.204 
SJ.822 

2.816 
^.550 
U.  901 
;^.629 
•2Am 
[^.421 


1W7. 


10.889 
6, 78? 
4.668 
13.6110 
24.972 
4.610 
4,7:fr< 
2  772 
5!  442 
2.h79 
4.  lOii 

ii.;r>2 


6.013 
4.(«»7 
I  3.89.-> 
I  11.214 
I  19.  (M) 
12.1.51  , 
J1.H61  ! 
10. 722 
8.240 
2,7.J6  , 
.  2.524  , 
:  1»,9»12  : 


lrt*s. 


13.741 
7,72:J 
6. 7.54 
20,220 
13.712 
ILOX) 
5. 2-m 

2..">:o 

5. 1'Jl 
3.S72 
7.8l»5 
9,24:3 


5.780  I    7.818  ,    Kim        ?<.93t 
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Table  No.  7. — Shoiving  mean  run-off  of  Hudson  River  at  Mechanicville,  X.  Y,,for 
each  sqiuxre  mite  of  catchment  area, 

[In  cable  feet  per  second.] 


Month. 

1892. 

1893. 

1894. 

1895. 

1896. 

im. 

1898. 

1.906 
4.190 
2.058 
2.428 
4.790 
4.360 
2.75ft 
2.638 
1.319 
.9t<S 
.636 
1.690 

0.896 

0.709 

1.068 

1.833 

8.975 

4.953 

1.067 

.560 

1.112 

1.527 

.859 

.809 

1.604 

1.501 

1.076 

3.375 

2.168 

1.681 

1.577 

.704 

.546 

.411 

.811 

1.415 

.970 
.861 
.787 
.934 
5.310 
1.522 
.626 
.502 
.867 
.584 
.584 
1.871 

2.420 

1.508 

1.037 

3.023 

5.550 

1.024 

1.063 

.616 

.543 

.514 

.912 

2.967 

1.536 

.890 

.865 

2.492 

4.240 

2.700 

2.636 

2.394 

1.831 

.513 

.661 

2.21t 

3.053 

January  

1.716 

Febmary - 

1  501 

March 

4.403 

April 

3.070 

iSy::::::::::::::::::::::::::::::::::::::::: 

2.466 

Jane 

1. 173 

July 

.571 

Aafirast .... 

1.133 

September 

.838 

October 

1.754 

November 

2.064 

Table  No.  8. — Showing  run-off  of  Htreains  tributai^y  to  Black  River  feeder ^  include 
ing  Trout  Brook  and  streams  south  thereof,  based  on  upper  Hudson  data  for 
years  1892-1898,  inclusive, 

[Catchment  area  of  443  sqnare  miles.    Quantities  in  cubic  feet  per  second.] 


April 2,123 

May 1.9:31 

June 1.220 

July 
Augrust 
SeptemWr 
October . . . 
November 


December  (preceding  year) 

January  

February 

March 

April 


Table  No.  9. — Showing  tJt£  mean  mn-off  between  Geueseeand  Hudson  7'ivers  data, 
[In  cubic  feet  per  second  per  square  mile.] 


Month. 


isini. 


December j  1.4<^4 

January ■  2.428 

February 1.787 

March 2.(?55 


April. 


Ad] 
Ma; 


*ay 

June 

July 

August 

8epteml)er . 
(k'tober  — 
November  . 


3.:JK> 
2.1«30 
2.0119 
2.212 
1.182 
.ml 
.4  1 
1.101 


1893. 


077  1 
2IH  I 
153  I 
918  I 
157  I 

im  • 
mi 

400 

7<w 
911  i 

ii03 
(V46 


1.816 

l.:i5rt 

.9.10 

3.074 

2. 7.10 

2. 7110 

1.279 

.413 

.*» 

.♦fciU 

.64o 

i.ora 


1895. 


0.750 
.713 
.498 

i.:kio 

3.555 
.842 
.372 
.301) 
4M7 
.ajH 
.340 

1.145 


18WJ.    1 

1S97. 

189:!i. 

1.78:3  , 

1.110 

1.H38 

.9.17  1 

.7.^;) 

1.667 

.942 

.812 

1.238 

2.813 

2.394 

3.4:«* 

4.291 

2.r(r7 

»>  •*^o 

.585 

1.779 

1.775 

.701 

1.515 

.94.) 

.413  : 

1.397 

.4>1 

.:i59 

I.IOH 

.913 

.326 

.3:16 

.«i:W 

1.233  ! 

.35K 

1.215 

1.895  1 

1.272 

L9m 

586 
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Table  No,  10. — Shoioiiig  run-off  from  Upper  Mohawk  River  and  Nine  Mile  Creek, 
for  years  lS9:i  to  189S,  inclusive,  basea  on  mean  of  Oenesee  and  Hudson  rivers 
data.    Total  catchment  area  =  226. 1  square  miles. 

[In  cubic  feet  x>er  second.] 


Month. 

1888. 

1893. 

344 

273 
361 
434 
714 
815 
156 
93 
160 
306 
136 
146 

,«.. 

189A. 

1896. 

1897. 

1898. 

December 

817 
549 

466 
765 
665 
454 

500 
367 
134 
KB 
349 

411 
307 
215 
tt«5 
633 
634 
389 
93 
83 
140 
146 
343 

170 
Mi 
113 
296 
804 
190 
84 
68 
110 
76 
77 
259 

408 

316 

313 

636 

970 

133 

158 

93 

81 

73 

379 

438 

351 
177 
184 
541 
613 
403 
343 
316 
6.V) 
76 
tfO 
387 

415 

January  -....- 

377 

February - 

280 

March 

779 

April 

513 

May...::"::"::;:"::.;""::.i :::::.: 

401 

June --.,.. 

314 

July 

101 

August 

September 

2'J6 
143 

October      .      .                 .......    ...... 

275 

November 

4:30 

Table  No.  ll.^Sliowing  run^^ff  from  Six  Mile  Creek,  Beaver  Brook,  Canada 
(Jreek,  Wood  Creek  {above  Fort  B\dl),  and  Sauquoit  and  Oriskany  creeks^ 
having  a  total  catchment  area  of  Sk8  square  miles.  Based  on  Oenesee  River 
data  for  years  1892  to  1898 ^  inclusive. 

[In  cubic  feet  per  second.] 


Month. 


December  , 
January  ... 
February . 

March , 

April 

May 

June 

July 

AuflTUSt 

September 
October-.  . 
November 


»93. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

314 

4:J8 

706 

184 

398 

2:18 

287 

335 

591 

423 

196 

143 

2:35 

689 

538 

431 

287 

73 

295 

264 

618 

585 

697 

1,000 

586 

906 

799 

8;)0 

689 

779 

1,055 

636 

1,055 

409 

513 

528 

785 

1,834 

57 

51 

299 

:^77 

440 

109 

341 

41 

121 

137 

350 

633 

90 

43 

34 

73 

m 

136 

399 

106 

65 

.37 

61 

133 

241 

75 

HO 

289 

83 

48 

56 

150 

96 

131 

i:e 

34 

541 

54 

336 

178 

169 

254 

146 

287 

115 

610 

Table  No.  12. — Evaporation  fnmi  a  water  surface  as  observed  at  Mount  Hope 
Reservoir  of  Rochester  {X.  Y.)  Waterworks,  for  the  imlicated  months  and 
years. 

[In  inches.] 


Month. 

(1) 


January  . . . 
February . . 

March 

April 

May 

June 

July 

August  — 
September 

October 

Novemlxjr. 
December  . 


1893. 

(2) 


189:). 

(3) 


3.78 
3.26 
4.62 
6.(16 
4.85 
4.61 
3. 28 


2.78 
3.33 

4.  CI 

5.  HO 
5.36 
3.47 
3.27 


I 


-I- 


1894. 

(4) 


2.59 
3.32 
3.62 
5.31 
6.2J) 
3.76 
2.90 


1895. 

(5^ 


1SJ«. 


1897. 


(6)      I      .7) 


1898. 

(8) 


4.(KI 
5.75 
5.92 
5. 13 
5.14 
3.61 
1.51 
1.23 


0. 45 

0..J9 

o.m 

.4.  J 

.62 

1.01 

.91 

1.76 

1.56 

2.72 

2.45 

3.41 

5.72 

3.36 

3.64 

6.f>4 

5.01 

5.65 

5.11) 

4.4:1 

0.85 

.J.  2;} 

5.37 

4.98 

:3.:w 

4.66 

3.d5 

2. 45 

:J.3:j 

2.57 

1.50 

1  33 

1.57 

1.20 

.m 

l..>4 

Averages. 

Period. 

Depth. 

(9) 
1896-1808 

(10) 

0.5:j 

1896-1898 

.69 

1806-1808 

1.41 

1894-1898 

2.7H 

1892-1898 

3.89 

1892-1898 

5.05 

1891-1H98 

5.64 

1891-1S9« 

5.26 

1891-1898 

4.13 

1891-1898 

3.08 

1895-1898 

1.48 

1895-1898 

1.23 

GAUGINd  OP  STREAMS   TRIBUTARY  TO  DEEP  W^ATERWAYS  IN  CENTRAL 
AND   EASTERN   NEW  Y'ORK. 

At  tlie  beginniujr  of  tlio  special  water-supply  iiiYestigation  it  was 
deemed  advi.sable  to  gauge  a  considerable  number  of  streams  tribu- 
tary to  deep  waterways  in  central  and  (^astern  New  York,  not  only 
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with  reference  to  extending  our  inforiniition  as  to  low-water  flow  of 
Oswego,  Mohawk,  and  Hudson  rivers,  but  especially  to  gain  more 
definite  knowledge  of  the  flood  flows  of  these  streams  and  their  tribu- 
tanes,  it  being  clearly  recognized  that  the  control  of  floods  in  the 
canalized  river  beds  was  a  very  serious  feature  of  the  general  prob- 
lem. Acting  on  this  view,  20  gauging  stations  were  established,  as 
shown  by  Nos.  1  to  20,  inclusive,  on  plate  90,  which  also  indicates 
catchment  areas  tributary  to  deep  waterways  and  from  which  it  is 
necessary  to  consider  run-offs  in  the  special  water-supply  investiga 
tion.  In  addition  to  the  20  stations  established  in  connection  with 
the  present  work  tliei*e  are  also  shown,  on  plate  00,  3  stations  previ- 
ously established  by  the  author  in  connection  with  work  for  the 
State  of  New  York.  Finally,  a  station  had  been  established  by  the 
Watertown  Waterworks  on  Black  River  at  Huntingtonville,  a 
suburb  of  the  city  of  Watertown,  and  of  which  the  data  have  been 
kindly  placed  at  our  disposal  by  the  board  of  water  commissioners 
of  the  city  of  Watertown  from  the  beginning  of  observations  in 
March,  1807,  down  to  date.  The  gauging  station  on  Hudson  River 
at  Mechanicville  is  that  previously  referred  to  and  at  which  point 
records  have  been  kept  by  The  Duncan  Company  from  October,  1887, 
to  the  present  time. 

The  following  are  the  serial  numbers  and  names  of  these  several 
gauging  stations: 

1.  Seneca  River  at  Bald winsville. 

2.  Oswego  River  at  Fulton. 

3.  Chittenango  Creek  at  Bridgeport. 

4.  Oneida  Creek  at  Kenwood. 

5.  Wood  Creek,  near  month. 

6.  Fish  Creek,  west  branch,  ac  McConnellville. 

7.  Fish  Creek,  east  branch,  above  Point  Rock. 

8.  Salmon  River,  about  1  mile  above  falls. 

9.  Mohawk  River  at  Ridge  Mills. 

10.  Nine  Mile  Creek,  1  mile  balow  Stittville. 

11.  Oriskany  Creek,  State  dam,  Oriskany. 

12.  Oriskany  Creek  at  Coleman. 

13.  Sauquoit  Creek  at  New  York  Mills. 

14.  West  Canada  Creek  at  Middleville. 

15.  Mohawk  River  at  Little  Falls. 
10.  East  Canada  Creek  at  Dolgeville. 

17.  Garoga  Creek,  3  miles  above  month. 

18.  Cayadntta  Creek,  below  Johnstown. 

19.  Schoharie  Creek,  State  dam.  Fort  Hunter. 

20.  Mohawk  River  at  Rexford  Flats. 

21.  Hudson  River  at  Mechanicville. 

22.  Hudson  River  at  Fort  Edward. 

23.  Schroon  River  at  Warrensburg. 

24.  Black  River  at  Huntingtonville. 

AVith  the  exception  of  Hudson  River  at  Fort  Edward,  tlie  eateh- 
nient  areas  of  these  several  streams  at  the  points  of  gauging  may  be 
obtained  from  the  tabulation  of  (*atchnieiit  areas  on  pages  921  to  024. 
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In  regard  to  Hudson  River  at  Fort  Edward  and  Schroon  River  at 
WarrenHburg,  it  may  be  stated  that  while  the  run-off  data  at  these 
places  are  available,  no  specific  use  for  them  appearing  in  the  present 
work,  it  has  not  been  considered  worth  while  to  expend  the  consider- 
able amount  of  labor  necessary  for  their  reduction.  The  record  of 
these  gaugings  at  Fort  Edwaixi  and  Warrensburg,  as  well  as  at 
Mechanicville,  together  with  the  Black  River  record  at  Huntington- 
ville,  liave  all  been  furnished  without  expense  to  your  Board.  The 
Genesee  River  record  at  Rochester  from  December,  1807,  to  May, 
1899,  inclusive,  has  also  been  furnished  without  expense  by  E.  A. 
Fisher,  city  engineer  of  Rochester.  The  author  takes  this  occasion 
to  express  his  thanks  to  the  parties  keeping  these  several  records  for 
kindly  furnishing  them. 

Diagrams  showing  the  daily  flow  of  Hudson  River  at  Mechanic- 
ville from  October,  1887,  to  November,  1895,  may  be  found  in  the 
annual  report  of  the  State  engineer  and  surveyor  of  the  State  of  New 
York  for  the  fiscal  year  ending  September  30, 1895.  Plate  100,  accom- 
panying this  report,  is  a  continuation  of  the  said  diagrams  from 
December,  1895,  to  November,  1898,  inclusive.  The  diagi'ams  in  the 
annual  reiK)rt  of  the  State  engineer  and  surveyor  for  1895  (plates  1, 
2,  3,  and  4  of  the  author's  report  on  the  Upper  Hudson  storage  sur- 
veys), together  with  plate  100  of  this  report,  therefore  make  a  continu- 
ous exhibit  of  the  daily  flow  of  Hudson  River  at  Mechanicville  from 
October,  1887,  to  November,  1898,  inclusive,  a  period  of  eleven  yeare 
and  two  months.  On  referring  to  plate  4  of  the  annual  report  of  the 
State  engineer  and  surveyor  for  1895  and  to  plate  100  of  this  I'eport,  it 
will  be  observed  that  the  tide  record  at  Albany  for  the  months  of 
navigation  in  Hudson  River  has  been  plotted  thereon  covering  the 
years  from  1894  to  1898,  inclusive.  The  significance  of  this  tide  dia- 
gram in  connection  with  the  daily  run-off  of  Hudson  River  has  been 
discussed  in  the  author's  report  to  the  State  engineer  and  surveyor  on 
the  Upper  Hudson  storage  surveys  for  1895  so  extensively  as  to  render 
additional  discussion  unnecessary  hei'e  any  further  than  to  point  out 
that  the  demonstration  of  intimate  relation  existing  between  tide 
fluctuations  and  daily  inflow  of  fresh  water  is  considerably  strength- 
ened by  the  additional  three  years'  record  presented  on  plate  100. 

Plate  101  gives  the  daily  flow  of  Black  River  at  Huntington ville  from 
February,  1897,  to  May,  1899,  inclusive,  together  with  the  precipita- 
tion and  mean  temperature.  The  full  line  on  the  diagram  of  daily 
flow  shows  the  actual  run-offs  at  Iluntingtonville  as  gauged  at  the  dam 
of  the  waterworks  of  the  city  of  Watertown,  while  the  daily  flow  of 
the  stream,  as  comi)uted  from  proportionality  of  catchment  arjeas 
from  data  of  Hudson  River  at  Mechanicville,  is  shown  by  the  dotted 
line.  A  comparison  of  the  two  shows  that  the  run-offs  of  Hudson 
and  Black  rivers  per  unit  of  catchment  area  are,  for  a  considerable 
period,  substantiall}'  the  same.     At  one  perioil  the  actual  observed 
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run-off  at  lluntinjirtoiivillo  is  higher  than  the  computed  run-off  from 
Hudson  data,  wliile  at  other  times  the  opposite  is  true.  A  compari- 
son of  the  monthly  means  of  the  tAvo,  as  made  on  plate  102,  brings  out 
very  strongly  the  substantial  accord  per  unit  area  of  these  two 
streams.  On  plate  102,  however,  instead  of  comparing  daily  run-offs 
in  cubic  feet  i)er  second,  the  monthly  run-offs  in  inches  on  the  catch- 
ment areas  are  compared. 

Tables  Nos.  122  and  123  give  the  same  comparison  for  these  two 
areas.  From  them  we  learn  that  the  total  difference  for  the  water 
year  1808  is  1.<J8  inches.  In  reference  to  this  difference  it  may  be 
remarked  that  it  is  probably  chiefl}-  due  to  different  methods  of  com- 
putation, the  author's  opinion  being  that,  on  account  of  similarity  of 
meteorological,  topographical,  and  geological  conditions,  the  run-offs 
of  these  two  sti*eams  are  for  any  giv^en  period  substantially  the  same; 
and  while  it  is  recognized  that  even  though  this  is,  on  the  whole,  true, 
still  there  might  be  small  variations  for  periods  of  one  or  two  years. 
Nevertheless,  it  is  probable  that  the  variation  is,  as  stated,  due  chiefly 
to  difference  in  methods  of  computation. 

Under  this  head  it  may  be  remarke<l  that  when  the  run-off  of  Hud- 
son River  at  Mechanicville  was  computed  in  1895,  practically  the  only 
formula  in  use  in  the  United  States  for  such  computation  was  the 
sharp-e<lged  weir  formula  of  Mr.  Francis,  and  although  there  were  a 
few  engineers  who  had  studied  flows  over  dams,  and  who  were  aware 
that  a  formula  based  on  sharp-edged  weir  experiments  was  not  appli- 
cable to  a  nearly  flat-crested  dam,  such  as  that  at  Mechanicville, 
nevertheless  no  one  had  been  able  to  work  out  any  substitute  which 
had  gained  general  acceptance.  In  making  this  statement  the  author 
does  not  overlook  the  valuable  experiments  of  Messrs.  Fteley  and 
Stearns  or  the  able  theoretical  deductions  of  J.  P.  Frizell.  The  broad 
statement  is  that  in  1805  American  engineers  were  practically  ccmfined 
to  the  use  of  31  r.  Francis's  sharp-e<lged  weir  formula  for  flows  over 
rlams,  whatever  the  depth  of  flow  might  be  and  whatever  the  profile 
of  the  crcjj't.  Recognizing  in  some  degree  the  irrationality  of  this 
procedure,  the  author,  nfivv  considerable  study  of  the  i)roblem,  used 
for  the  com[mtation  of  the  Mechanicville  data  the  formula  of  the 
Indian  engineers,  as  given  by  Lieutenant-(ieneral  Mullins  in  his  Irriga- 
tion Manual.  Iiuismuch  as  this  formula  is  given  at  length  in  his  report 
to  th(»  State  engineer  and  surveyor  in  1805,  and  also  in  Water-Supply 
and  Irrigation  Paper  of  tiie  United  States  Geological  Survey,  No.  24 — 
Water  Resoun^cs  of  the  State  of  New  York,  Part  1 — the  author  will  not 
take  space  to  reproduce  it  here,  but  simply  refer  those  interested  to 
the  r<»ports  cited,  where  it  may  be  found,  or  to  Mullins's  Irrigation 
Manual  for  its  original  form.  The  Black  River  data  have  been  reduced 
by  an  application  of  the  coetticients  of  Hazin,  modified  by  the  Cornell 
University  experiments,  to  be  discussed  further  on.  As  the  result  of 
the  special  studies  herewith  included,  it  is  the  author's  l>elief  that  the 


590  DEEP    WATERWAYS. 

computation  of  daily  run-off  from  tlie  Black  River  data,  while  still  a 
little  too  high,  is  nevertheless  more  accurate  than  the  computation  of 
Hudson  run-off  from  the  East  Indian  formula.  It  is  certain,  liowever, 
that  the  East  Indian  formula  was  a  great  improvement  over  the  use 
of  any  sharp-edged  weir  formula  on  a  flat-crested  dam  whatever. 
Taking  into  account,  therefore,  that  Black  River  run-off  as  computed 
is  a  little  high  and  Hudson  River  a  little  low,  we  may  assume  the  two 
as  substantially  equal. 

It  being  conceded,  then,  that  the  comparison  of  run-offs  of  Hudson 
and  Black  rivers,  as  made  on  plates  101  and  102,  shows  that  for  the 
period  actually  covered  (March,  1897,  to  May,  1800,  inclusive)  the  run- 
offs of  these  two  streams  were  the  same  for  a  i)eriod  as  long  as  two 
years  and  two  months,  thej*  may  be  expected  to  fairly  agree  for  any 
period  whatever.  Hence,  having  the  run-off  recoitl  of  one  stream, 
together  with  the  catchment  areas  of  both,  we  may  compute  for  a 
series  of  years  the  approximate  run-off  of  the  other  stream.  Pix)ceed- 
ing  on  this  basis,  plates  103,  104,  and  105  have  been  prepared,  giving 
a  diagram  of  daily  run-off  of  Black  River  for  the  entire  period  covered 
by  the  Hudson  River  Mechanic ville  record,  except  so  far  as  we  have 
a  record  of  Black  River  itself  on  plate  101.  That  is  to  say,  plates  103, 
104,  and  105  cover  the  period  from  October,  1887,  to  January,  1807, 
inclusive,  the  balance  of  Black  River  record  being  shown  on  plate  101, 
as  previously  described.  Plates  101, 103,  104,  and  105  give,  therefoi'e,  a 
complete  diagram  of  daily  run-off  of  Black  River  from  October,  1887, 
to  May,  1899,  inclusive.  These  diagrams  enable  one  to  estimate  the 
effect  upon  Black  River  of  the  proposed  storage  and  compensation 
reservoir  above  Carthage. 

Before  proceeding  to  a  description  of  each  gauging  station  in  detail, 
we  will  describe  the  general  methods  pursued  in  these  gaugings.  In 
the  first  place,  with  the  exception  of  Wood  Creek,  the  gaugings  have 
all  been  made  over  existing  dams  on  the  several  streams.  Many  of 
these  dams  have  irregular  crests,  both  longitudinally  and  transversely, 
and  the  method  of  treatment,  in  order  to  obtain  correct  results,  fre- 
quently became  a  matter  of  some  difficulty.  In  a  few  cases,  as  on 
Nine  Mile  Creek,  West  Canada  Creek,  etc.,  where  the  crests  were  very 
irregular  longitudinally,  a  small  amount  of  work  was  done  in  the  way 
of  leveling  the  same.  Generally,  however,  the  crests  were  left  in  the 
same  condition  as  found,  a  careful  profile  taken,  and  the  crest  divided 
into  a  series  of  approximately  level  sections,  as  will  be  described  more 
in  detail  in  another  place.  A  gauging  blank  was  also  furnished  the 
gauge  i*eaders  with  columns  for  entering  depth  on  crest  of  dam  fore- 
noon and  afternoon,  the  number  of  wheels  used,  size  of  same,  name 
of  manufacturer  and  daily  run,  working  head  on  wheels,  readings  of 
headrace  and  tailrace  gauges,  and  other  information  necessary  for 
keeping  an  accurate  account  of  the  water  actually  passing  over  the 
crest  for  twenty- four  hours,  as  well  as  through  the  w  ater  wheels  for  the 
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same  period.  Gaup^e  readei's  were  employed  to  make  these  readings 
twice  each  da3^  In  order  to  obtain  the  flows  through  the  water  wheels, 
recourse  was  had  to  the  records  of  the  test  flume  of  the  Ilolyoke  Water 
Power  Company,  of  llol^'oke,  Mass.,  where  the  principal  wheels  now 
in  common  use  in  the  State  of  New  York  have  at  one  time  and  another 
been  tested.  On  requesting  a  record  of  such  tests  as  applying  to  wheels 
at  the  several  gauging  stations  Nos.  1  to  20,  the  Ilolyoke  Water  Power 
Company  kindly  resp(mded  that  they  would  furnish  the  records  under 
the  condition  that  they  be  not  published  except  the  consent  of  the 
parties  for  whom  the  wheels  had  been  t(»sted  was  first  obtained.  This 
condition  being  assented  to,  information  was  furnished  as  to  tests  of  the 
principal  wheels  in  use,  giving  the  proportional  part  of  the  opening  of 
the  si>eed  gate  for  various  conditions  of  tests,  revolutions  of  the  wheel, 
quantity  of  water  discharged,  power  developed,  and  eflficiency,  etc. 
From  these  records  discharge  curves  have  been  prepared,  of  the  form 
shown  on  plate  KM),  which  embodies  the  data  of  a  3G-inch  new  Ameri- 
can turbine  wheel,  as  furnished  for  publication  by  the  manufacturers, 
the  Globe  Iron  Works  Company,  of  Dayton,  Ohio,  and  which  is  not 
subject  to  the  inhibition  of  nonpublication  made  by  the  Holyoke  Water 
Power  Company  of  the  unpublished  tests  furnished  from  their  records. 
By  the  use  of  such  series  of  curves  derived  from  actual  tests,  it  is 
believed  that  the  discharges  through  the  turbine  water  wheels  at  the 
various  gauging  stations  have  been  computed  with  a  ver>^  high  degree 
of  a(rcuracy.  In  a  few  cases,  where  there  were  no  tests  applying,  the 
discharges  as  per  manufa<5turers'  tables  have  been  used.  The  author's 
thanks  are  due  Ilolyoke  Water  Power  Company  for  the  courtesy  of 
furnishing  these  useful  data. 

The  locations,  details,  etc.,  of  the  dams  at  the  several  gauging  sta- 
tions, Nos.  1  to  20,  inclusive,  maybe  obtained  from  plate  107  to  plate 
126,  inclusive,  on  which  ai'e  given,  in  addition  to  general  plans  of  the 
dams,  longitudinal  sections,  profiles,  etc.,  together  with  the  discharge 
curve  at  each  station  as  computed  by  the  methods  to  be  described  in 
detail  in  the  chapter  on  methods  of  computing  discharge  over  dams  at 
the  several  gauging  stations.  The  following  brief  notes  on  the  several 
gauging  stations  are  given  herewith  for  convenient  reference. 

Gauging  station  No.  1  (plate  107)  is  located  on  Seneca  River,  a  trib- 
utary to  Oswego  at  Hahbvinsville,  where  the  catchment  area  above  the 
point  of  gauging  is  3,103  S(iuare  miles.  The  dam  is  a  substantial 
masonry  structure  with  cross  section,  as  shown  on  plate  107,  and  built 
in  1894-1»5,  taking  the  place  of  an  old  crib  dam  located  just  above  the 
new  dam,  and  also  shown  in  section  on  plate  107.  The  dam  is  the 
prox)erty  of  the  State  of  New  York,  lieing  a  part  of  the  State  canal 
system. 

Water  is  taken  from  the  dam  by  two  mill  raceways  and  also  by 
the  Baldwinsville  side-cut  canal  and  delivered  to  10  manufacturing 
establishments,  where,  after  passing  through  turbine  water  wheels,  a 
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lar*re  percentage  of  the  flow  is  returned  to  the  river  below  the  dam. 
The  following  are  the  names  of  the  manufacturing  establishments 
which  have  allowed  daily  recoi-ds  of  wheel  servi(»e  to  be  kept:  Kenyou 
Paper  Company,  Ilotaling  it  Co.,  Clark  ife  Mercer,  .1.  &  J.  C.  Miller 
Company,  .Tacob  Ames,  Morris  Machine  Company,  J.  Frazee  Milling 
Company,  C.  E.  Hart,  C.  X.  Bliss,  and  Penn  Spring  Works.  The 
length  of  the  crest  of  Haldwinsville  dam  is  423  feet. 

According  to  statements  of  parties  at  Haldwinsville,  the  new  dam 
is  nearly  water-tight.  There  is,  however,  consi<lerable  leakage  at  a 
number  of  flumes  and  bulkheads  which,  together  with  a  small  amount 
of  wastage,  has  been  taken  as  constant  at  100  cubic  feet  per  se<M)nd, 
which  (luantity  has  been  added  to  the  computed  flow  over  the  dam 
and  through  the  water  wheels. 

Gauging  station  No.  2  (plate  108)  is  located  on  Oswego  River  at  Ful- 
ton, where  the  catchment  area  above  the  i>oin1  of  guaging  is  4,915.0 
square  miles.  The  dam  at  this  station  is,  the  same  as  at  Baldwins- 
ville,  the  property  of  the  State  of  New  York,  forming  a  part  of  Oswego 
Canal  slack-water  navigation.  The  Oswego  Falls  Pulp  an<l  Paper 
Company  occupy  the  east  side  of  the  river  with  their  pulp  and  pax>er 
mill,  while  the  west  side  is  occupied  by  the  extensive  worsted  mills  of 
The  American  Woolen  Company.  Plate  108  shows  a  general  plan  of 
the  h)cality,  as  well  as  a  proflle  of  the  crest  of  si^illway  ami  section 
of  ilam. 

'J'his  dam  is  considered  to  he  so  nearly  water-tight  that  leakage  may 
be  neglected. 

Gauging  station  No.  3  (plate  109)  is  locate<l  on  Chitt^nango  Creek,  a 
tributary  to  Oneida  Lake  at  Bridgeport,  where  the  catchment  area 
above  the  point  of  gauging  is  3()(j.  9  square  miles.  The  developed  water- 
power  at  Bridgeport  consists  of  a  gristmill  on  the  east  side  of  the 
stream  and  a  sawmill  on  the  west  side,  both  owned  l)y  Snyder  Brothei*s. 
Details  of  the  location,  profiles,  sections,  etc.,  are  shown  on  plate  109. 

The  dam  itself  is  fairly  water-tight,  but  there  is  a  race  diveiting 
water  to  an  old  mill,  mostly  out  of  service,  which  has  a  leaky  flume. 
The  leakage  through  the  flume  and  bulkhead  of  this  mill  and  through 
the  dam  has  been  taken,  as  a  matter  of  judgment,  at  15  cubic  feet  i)er 
second. 

Gauging  station  No.  4  (plate  110)  is  located  on  Oneida  Creek,  a  tribu- 
tary to  Oneida  Lake  at  Kenwood,  where  the  catchment  area  above  the 
point  of  gauging  is  59  square  miles.  The  dam  is  the  pro[)erty  of  the 
Oneida  Community  Company,  the  developed  water  powtfr  consisting 
of  a  silk  mill.  The  details  of  the  location,  profile,  sections,  etc.,  are 
shown  on  plate  110. 

The  leakage  of  this  dam  has  been  taken  constant  at  5  cubic  feet  per 
/second  and  of  flow  over  waste  ways  at  10  cubic  feet  per  second.  This 
latter  figure  is  approximately  right  for  ordinary  flows,  but  probably 
somewhat  small  for  flood  flows. 
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Gauging  station  No.  5  was  established  on  Wood  Creek,  near  its 
mouth,  as  a  current-nieter  rating  station.  Proper  locations  on  this 
stream  were  diffieult  to  find,  and  aft(?r  some  hesitation  a  reach  near 
Fish  Creek  village  was  d(*cided  upon  as  the  best  available,  and  the 
station  rated  by  current-meter  observations  taken  at  several  different 
stages  of  flow.  Unfortunately,  it  turned  out  that  the  flood  run-offs 
of  Fish  Cre(»k,  even  with  ccmiparatively  small  rise,  flowed  over  into 
Wood  (-reek,  vitiating  the  record.  With  this  state  of  facts  it  has  not 
l)een  deemed  worth  while  to  work  up  the  Wood  Creek  results,  and 
they  are  accordingly  omitte<l  from  the  a<*companying  tabulations  of 
gaugings. 

(Gauging  station  No.  0  (plate  111)  is  located  on  West  Branch  of  Fish 
Creek,  a  tributary  to  Oneida  Lake,  at  McConnellsville,  where  the  catch- 
ment area  above  the  point  of  gauging  is  180.7  square  miles.  The  dam 
is  the  property  of  Charles  and  P'rank  S.  Harden,  who  operate  a  saw- 
mill on  the  south  side  and  a  chair  factory  on  the  north  side.  The 
crest  was  originally  quite  irregular  longitudinally,  but  was  brought 
up  to  a  uniform  level. at  slight  expense.  A  plan,  proflle,  and  cross 
section  of  the  dam  are  given  on  plate  111. 

Th(»  leakage  of  this  dam  has  been  taken  constant  at  10  cubic  feet 
per  second. 

Gauging  station  No.  7  (plate  112)  is  located  on  East  Branch  of  Fish 
Creek,  also  a  tributary  to  Oneida  Lake,  at  Point  Rock,  where  the  catch- 
ment area  above  the  j mint  of  gauging  is  104.3  square  miles.  The  only 
power  in  use  at  this  placi*  is  at  sawmill  on  the  soutli  side,  owned  by 
Fowler  W.  Willson,  which,  however,  lias  not  been  in  usc^  except  for 
an  occasional  day  during  the  period  covered  by  the  gaugings.  The 
record  of  flow  at  this  station  is,  therefore,  that  (chiefly  due  to  discharge 
over  dam.     The  usual  detailed  information  is  given  on  [)lat«  112. 

The  leakage  has  been  taken  const^iut  at  10  cubic  feet  per  second. 

(Gauging  station  No.  8  (plate  113)  is  locateil  on  Salmon  River,  1  mile 
above  the  high  falls,  in  the  t^)wn  of  Orwell,  where  the  catchment  area 
above  the  point  of  gauging  is  190.5  sf^uare  miles.  The  dam  is  owned 
by  Post  &  Henderson,  who  formerly  operated  a  sawmill,  whi(?h,  how- 
ever, is  not  now  in  use.  The  dam  was  found  to  leak  badly,  and  in 
order  to  determine  the  amount  of  the  same  a  (»urrent  meter  determi- 
nation of  the  total  flow  was  made  at  Stillwater  bridge,  where  a  favor- 
able section  for  current  meter  work  was  found,  the  difference  between 
th(^  flow  at  that  point  and  the  flow  over  the  dam  being  HK  cubic  feet 
per  second,  which  quantity  has  accordingly  been  added  to  the  daily 
flows  as  determined  from  the  gauging  record.  The  current  meter  used 
for  this  puri>ose  was  a  small  Price  meter,  loaned  by  the  Tnit^^d  States 
Geological  Survey.  1'he  usual  [)lans,  profiles,  and  section  are  given 
on  plate  113. 

Gauging  station  No.  9  (plate  1 14)  is  located  at  Ridge  Mills,  on  LTpj>er 
Mohawk  River,  a  short  distance  above  R(mie,  where  the  catchment 
H.  Doc.  141) 38 
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area  above  tlio  point  of  gauging  is  152.5  square  miles.  The  dam  on 
whicli  the  gaiigings  were  made  is  the  property  of  the  city  of  Rome,  the 
developed  water  power  l>eiiig  used  to  produee  power  for  the  pumj^ing 
station  of  tlie  Rome  waterworks.  A  general  plan,  profih^  of  erest,  and 
ei*os8  section  of  dam  are  shown  on  plate  114. 

This  dam  is  substantially  built  and  is  practically  water-tight,  the 
leakage  probably  not  exeeetiing  5  cubic  feet  per  secon<l. 

Gauging  station  No.  10  (plate  115)  is  located  on  Nine  Mile  Creek,  a 
tributary  to  Mohawk,  near  Stittville,  where  the  (*atchment  area  above 
the  point  of  gauging  is  02.0  square  miles.  The  dam  on  which  the 
gaugings  were  made  is  the  property  of  Raymer  Powell,  who  oiK^rates 
a  grist  and  saw  mill.  Very  little  work  has  been  done  at  tliese  mills 
duringthegaugingpt»riod,  and  the  gauging  record  is,  therefore,  confined 
to  the  daily  flow  over  the  dam.     Refer  to  plate  115  for  details. 

The  leakage  of  tliis  dam  is  also  taken  at  5  cubic  feet  iK»r  second. 

Gauging  station  No.  11  (plate  116)  is  located  on  Oriskany  Creek,  a 
tributary  to  Moliawk,  at  Oriskany,  where  the  catchment  area  above 
the  point  of  gauging  is  144.3  square  miles.  The  dam  is  the  proi)erty 
of  the  State  of  New  York,  its  purpose  being  to  divert  water  from 
Oriskany  Creek  to  Erie  Canal.  During  navigation  months  a  record 
was  kept  of  the  gate  openings,  together  with  daily  observations  of 
difference  of  water  surfaces  al>ove  and  below  gates.  Outside  of  navi- 
gation months  the  feeder  gates  are  entirely  closed  and  the  record  is 
that  of  flow  over  dam  only.  A  plan,  profile  of  crest,  and  cross  sec- 
tion of  dam  may  be  seen  on  plate  110. 

This  dam  is  considered  to  be  so  nearly  water-tight  that  leakage  lias 
been  neglected. 

Gauging  station  No.  12  (plate  117)  is  also  located  on  Oriskany 
Creek,  at  Col*^man,  where  the  catchment  area  above  the  point  of 
gauging  is  140.7  square  miles.  The  dam  is  the  property  of  W.  S. 
Reeder  and  otliers,  the  develope<l  water  power  lK»ing  used  to  operate 
a  gristmill,  sawmill,  picking  mill,  etc.  The  details  of  the  location, 
with  profile  of  crest  and  section  of  dam,  may  be  s<M»n  on  plate  117. 

The  object  of  establishing  two  stations  on  Oriskany  Cret^k  was  to 
detennine  whether  on  dams  of  somewhat  different  forms  but  with 
substantially  the  same  catchment  area  the  flows  could  be  gauged 
close  enough  to  give  comparable  figures.  The  nlethods  of  computa- 
tion used  are  described  in  the  chapter  on  methods  of  computing 
discharge  over  dams  at  the  several  gauging  stations,  and  it  is  suffi- 
cient for  ijresent  purposes  to  refer  to  the  accompanying  tabulation, 
in  which  we  have  given  the  flows  at  stations  Nos.  11  and  12  for  the 
months  from  Octol>er,  1898,  to  February,  181)0,  inclusive.  During 
the  wint-er  months  January  to  February  the  ice  w^as  kept  clear  from 
the  crests  of  both  dams.  The  results  sliow  close  agreement  and 
indicate  that  even  when  one  of  the  cases  is  complicate*!  by  discliarge 
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through  a  numl>er  of  water  wheels,  as  at  station  No.  12,  comparable 
results  may  still  be  gained.  The  following  are  the  flows  at  the  two 
stations  for  the  months,  8tate<l  in  cubic  feet  per  second.  The  appar- 
ent discrepancy  at  station  No.  11  in  October  is  explained  by  the  fact 
that  the  figures  for  that  month  are  the  means  of  only  the  last  sixteen 
days. 


Month. 

Station 

No.  11. 

Oriskany. 

Station 

No.  12, 

Coleman. 

October,  1898 

325 
327 

29.5 
2»1 

246 

November,  1888 

306 

De<*ember,  18WJ 

;«i5 

January,  18{^ - ......  ..... 

2»7 

February,1899 

283 

.  The  leakage  has  been  taken  at  20  cubic  feet  per  second. 

Ganging  station  No.  13  (plate  118)  is  located  on  Sauqnoit  Ci'eek,  a 
tributary  to  Mohawk,  at  Upper  New  York  Mills,  where  the  catchment 
area  al)ove  the  point  of  gauging  is  51.5  square  miles.  The  dam  is  the 
property  of  the  New  York  Mills,  the  water  power  being  used  to  oper- 
ate an  extensive  cotton  mill.  Plan,  details,  etc.,  may  be  seen  on  plate 
118.     This  dam  is  water-tight  and  leakage  neglected. 

Gauging  station  No.  14  (plate  119)  is  located  on  West  Canada  Creek, 
a  tributary  to  Mohawk,  at  Middleville,  where  the  catchment  area  above 
the  point  of  gauging  is  518.7  square  miles.  The  dam  is  owned  by  the 
Nelson  Knitting  Company  and  other  manufacturing  establishments, 
the  water  power  l)eing  used  to  operate  the  large  knitting  mill  of  the 
Nelson  Knitting  Company,  a  gristmill,  sawmill,  and  planing  mill. 
For  details  see  plate  119. 

From  observations  made  with  the  water  drawn  below  the  crest  the 
leakage  has  been  placed  at  50  cubic  feet  per  second.  As  shown  on 
the  map  (plate  110)  there  is  a  wast«  way  near  t he  New  York  Central  and 
Hudson  River  Railroad  depot.  A  daily  record  of  depths  on  this 
waste  way  has  been  kept  and  the  proper  quantity  added  to  the  daily 
flow. 

Ganging  station  No.  15  (plate  120)  is  located  on  Mohawk  River  at 
Little  Falls,  where  the  catchment  area  above  tlie  point  of  gauging  is 
1,30(5  square  miles.  The  dam  is  the  property  of  the  Astronga  Knitting 
Mill  Company  and  the  Little  Falls  Paper  Company,  the  developed 
water  power  being  used  to  operate  a  knitting  mill  and  a  i>aper  mill. 
Plans,  profiles,  and  sections  are  shown  on  plate  120. 

The  dam  is  a  substantial  masonry  structure,  erected  in  1897,  and 
is  water-tight. 

Gauging  station  No.  16  (plate  121)  is  located  on  East  Canada  Creek, 
a  tributary  to  Mohaw^k  at  Dolgeville,  wliere  the  catchment  area  above 
the  point  of  gauging  is  255.6  square  miles.  The  dam  is  a  substantial 
masonry  construction  and  is  the  property  of  the  Dolgeville  Electric 
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Power  Company,  the  developed  water  power  beiii^  used  U>  operate  an 
electric-power  station,  from  which  electric  lij^ht  and  power  are  sup- 
plied to  the  village  of  Dolgeville.  Tlie  plans  and  sections  are  given 
on  plate  121.     This  dam,  also  erected  in  1S97,  is  water-tight. 

Gauging  station  No.  17  (plate  122)  is  located  on  Garoga  Creek,  a 
triVjutary  to  3Iohawk:  at  Levi  Yoran's  paper  mill,  about  4  miles  north- 
west of  Fort  Plain,  where  the  catchment  area  above  the  point  of 
gauging  is  80.8  square  miles.  The  dam  is  the  property  of  Levi 
Yoran,  who  uses  the  developed  >vat^r  power  to  operate  a  paper  mill. 
The  details  may  be  learned  from  i^late  122.  The  leakage  of  this  dam  is 
so  small  as  to  I)e  negligible. 

Gauging  station  No.  18  (plate  12:3)  is  located  on  Cayadutta  Creek,  a 
tributary  to  Mohawk,  at  the  power  station  of  the  Johnstown  Electric 
Light  Company,  about  2  miles  from  the  city  of  Johnstown,  wliere  the 
catchment  area  above  the  point  of  gauging  is  40  square  miles.  The 
dam  is  the  property  of  the  Johnstown  p]lectric  Light  Company,  who 
use  the  developed  water  power  to  operate  their  electric-light  station. 
Details  of  the  location  are  shown  on  plate  123.  This  dam  is  pract  ically 
water-tight. 

Gauging  station  No.  lU  (plate  124)  is  located  on  Schoharie  Cn>ek,  a 
tributary  to  Mohawk,  at  Fort  Hunter,  where  the  catchment  area  above 
the  point  of  gauging  is  940. 7  square  miles.  This  dam  is  the  propei'ty 
of  the  State  of  Xew  York,  its  purpose  being  to  divert  water  from 
Schoharie  Creek  into  Erie  Canal.  Conditions  as  to  discharge  ai'e 
similar  to  those  previously  described  for  gauging  station  Noi  11  at 
Oriskany.     The  details  of  the  location  are  shown  on  plate  124. 

This  dam  was  originally  a  rough  timber  dam  with  very  heavy  leak- 
age. It  was  repaired  and  covered  with  i)lank  in  1805  or  181H>,  and 
the  leakage  considerably  lessened,  although  it  is  still  larger  than  it 
should  be.  A  current  meter  determination  of  the  amount  of  leakage 
was  made  by  use  of  the  Pri(*e  meter  already  desicril>ed  in  discussing 
gauging  station  No.  8,  an<l  the  leakage  placed  constant  at  315  cubic 
feet  per  second.  This  work  was  done  late  in  the  fall  of  1808  and 
should  have  been  checked  during  the  present  spring,  but  the  exigen- 
cies of  rapid  completion  of  the  whole  work  have  not  permitted  of  this 
revision.  In  view  of  this  large  leakage  the  flows  of  Schoharie  Creek, 
especially  in  tlie  lower  stages,  must,  for  the  present,  be  (considered 
somewhat  approximate.  For  higher  stages  the  error  from  this  cause 
is  not  large. 

Gauging  station  No.  20  (plate  125)  is  located  on  Mohawk  River  at 
Rexford  Flats,  where  the  catchment  area  above  the  point  of  gauging 
is  3,384.9  square  miles.  The  dam,  which  is  a  substantial  masonry 
construction,  with  timber  apron  at  the  front,  is  the  property  of  the 
State  of  New  York,  its  purpose  being  to  divert  water  from  Moliawk 
River  for  Erie  Caual.     The  conditions  of  discharge  are  the  same  as 
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described  for  gauging  station  No.  11,  at  Oriskany,  and  station  No.  19, 
on  Schoharie  Creek  at  Fort  Hunter.  The  dam  was  thoroughly 
repaired  with  new  copinjr  and  pai-tial  renewal  of  timber  apron  early 
in  the  season  of  18'J8.  A  i)lan,  profile,  and  section  are  shown  on 
plate  125.     This  dam  is  considered  to  be  water-tight. 

Gauging  stations  Nos.  21,  22,  and  23  are,  as  already  stated,  on  Hud- 
son River  at  Mechanic\ille  and  Fort  Edward  and  on  Schroon  River 
at  Warrensburg. 

Gauging  station  No.  24  (plate  126)  is  located  on  Black  River,  at  Hunt- 
ingtonville,  a  suburb  of  the  city  of  Watertown,  where  the  catchment 
area  above  the  point  of  gauging  is  1,888.0  square  miles.  The  dam  is 
a  substantial  timber  construction  erected  in  1896  for  the  purpose  of 
supplying  water  i)ower  at  the  pumping  station  of  the  Watertown 
waterworks.  According  to  statements  of  Frank  A.  Hinds,  C.  E., 
member  of  the  board  of  water  commissioners  of  Watertown,  there 
is  a  leakage  of  200  cubic  feet  per  second,  which  has  been  allowed  for 
in  reducing  the  gaugings.  The  details  of  tliis  station  are  shown  on 
plate  126. 

During  the  months  of  canal  navigation  the  mean  daily  flow  over 
the  Huntingtonville  dam  has  been  increased  by  an  amount  equivalent 
to  the  diversion  from  the  Upper  Black  River  alK)ve  the  State  dam  at 
Forestport  for  the  supply  of  Black  River  and  Erie  canals. 

The  maximum  diversion  for  canal  puposes occurs  during  the  month 
of  July,  and  for  this  month  the  total  amount  of  water  diverted  may  be 
taken  at  13,000  cubic  feet  i)er  minute.^  For  the  month  of  September, 
from  measurements  by  Aug.  S.  Kibble  in  1888,  it  is  found  that,  with 
the  feeder  running  at  16,000  cubic  feet  per  minute,  there  is  returned 
to  Black  River  by  lockages,  wasteweii's,  sluiceways,  and  feed  through 
lock  gates  an  average  amount  of  5,(X)0  cubic  feet  per  minute,  as 
nearly  as  can  be  determined,  the  total  amount  actually  diverted  being 
11,000  cubic  feet  i)er  minute.^  The  amount  of  water  divert^ed  during 
the  remaining  months  of  canal  navigation  has  been  taken  as  l)earing 
the  same  proportion  to  the  diversion  for  the  months  of  July  and  Sep- 
tember, in  each  case,  that  exists  between  the  mean  depths  of  evapo- 
ration, in  inches  per  month,  from  a  water  surface,  as  observed  at 
Rochester,  for  the  respective  months.^ 

In  the  accompanying  table  column  (3)  gives  the  mean  monthly 
evaporation,  in  inches,  from  a  floating  tub  on  the  Mount  Hope  reser- 
voir of  the  Rochester  waterworks.  Column  (2)  shows  the  number  of 
years  during  which  observations  have  been  made  for  each   month. 

'  Annnal  Report  State  Engineer  and  Surveyor  of  New  York  for  1894,  p.  239. 

^  Report  of  the  assistant  engineer  in  charge  of  examinations  of  the  sources  of 
water  supply  to  the  Black  River  and  its  tributaries.  Annual  Report  of  New  York 
Stete  Engineer  and  Surveyor,  1888.  p.  249. 

^Annual  Reports  Executive  Board  of  the  City  of  Rochester,  N.  Y.,  1897,  p.  74. 
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Column  (4)  shows  the  same  thin^  as  cohimii  (3)  but  with  tin*  1807 
record  included.  Column  (5)  shows  the  (quantity  divesUHl  in  cubic 
feet  per  minute,  and  column  (r»)  the  same  thinj»:  in  cubic  feet  j>er 
second.  These  data  were  not  at  hand  at  the  time  that  the  computa- 
tions for  flow  of  Black  River  were  made,  but  differ  so  little  fi'om  the 
data  used  that  no  changes  have  l>een  made  in  the  former  results. 


Month. 


Period  of 
o>>m'r- 
vatioiiH. 


I  Mean  monthly  evap- 

I  oration  from  a  Diversion  vf  water 
water  surface  at  for  the  supply  of 
Rochester,  N.  Y.,  Black  River  Canal 
in  inches. 

'  For  the 

,  ^.suiir  rr«rw\s;  c«bi.fe.,  cubu-f..t 
coT„T..'?,.  '}!:^^  "•^-t-    «^'->- 

included. 


(1)  I         {2) 


May IWtt-ltWtt  !  4.05  a.»3  ll.(KM»  '  183 

June i  l«K-18Wft  4.W  4.94  12.01K)  i  aH 

July !  IKWl-lfcWi  :  5.W  .V47  13,0(11)  216 

August lft«l-lWW  5.28  5.a(»  12..'KWl  aW 

September I  1H1U-18JW  I  4.07  4.15  11,000  183 

October 1801-lHWi  3.13  3.10  9.844»  IW 

November 18H5-I8WI  1.51  1.45  7.800  i  1.30 


Tlie  dates  of  openinjjc  and  closing  of  navipition  on  Hlack  Riv(*r 
Canal  for  the  years  1S97  and  1808  were  as  follows:  1897,  opened 
May  20,  closed  December  1;  181)8,  opene<l  May  1l*,  elos*Ml  DeceiulH^r 
10.  These  dates  have  been  taken  into  consiileration  in  allowing:  for 
diversion  in  May  and  DecemlxM*. 

In  regard  to  tin*  foregoing  dams  over  which  gaugings  havt^  In^en 
made,  it  may  1m»  remarke<l  that,  taken  as  a  whole,  they  must  be  <*on- 
sidered  fairly  satisfactory  in  this  i)articular — that  most  of  them  jHissess 
the  quality  of  substantial  water-tight n«»s>r.  This  quality  was  made 
one  of  the,  so  far  as  iM)ssiblc,  imperative  conditions  of  the  i)rcliminary 
examination.  Befon^  S(*lecting  a  gauging  station  on  any  given  stn^am 
it  was  sometimes  necessary  to  examine  several  dams,  th»»  <iuality  of 
water-tightness  InMiigan  important  ctnisiderat ion  in  tlie  final  <lerision. 
On  a  few  of  the  streams  gauged  water-tight  or  nearly  water-tiglit 
dams  do  not  exist. 
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The  following  tabulations  give  the  run-offs  of  the  several  streams 
referred  to  in  the  foregoing  as  gauged  during  the  present  work,  the 
run-off  of  Genesee  River  being  also  included  at  the  end: 

Compuratit'e  fables  nhowing  run-offa  of  streavi^  in  New  Yark  from  September^ 
1S98,  to  May,  1S9V,  inclusive. 

GAUGING  STATION  NO.  1. 
[Run-off  of  Rene<ra  River  at  Baldwinsville.    Catchment  area,  3,103  sqnare  miles.] 


Date. 


Cubic  feet ', 
I       per 
fteoond. 


I  Cubic  feet 


per  square 
mile  iMsr 
Hecond. 


Inches 
on  catch- 
ment 
area. 


KejUeti  ish  ing  jnriod. 
November,  IHflH 

StotUf/e  peri  Oil. 

December,  1««8  

January.  IHIN) 

February.  1899 

March.  1H9»  

April.  IWW 

May.l»99 

Means  and  total 


3,137 


2,851 
1.76» 
3.875 
4,543  j 

2.568  I 


1.0 


1.2 
1.5 


3,050 


1.0 


Remarks. 


1.1 


1.0 
1.1 
.6 
1.4 
1.6 
1.0 


Mean  of  19  days. 


GAUGING  STATION  NO.  2. 
[Run*  iff  of  OMwego  River  at  Fultrjn.    Catchment  area,  4,915.6  square  miles.] 


RtpUniHliiny  peruMl. 

NovemlMT.  1K98 

SUtnufv  p*'rift*l. 


December,  1898. 
January,  1899. .. 
February.  1899 . 

March,  18J»9 

April,  1899 

3iay,  1899 


6,220 


5.300 
6.150 
4.075 
7.8:« 
ll.CJOO  I 
6,586 


Means  and  total . 


6,846  ' 


1.4 

1.6 

1.1 

1.3 

1.3 

1.6 

.8 

.8 

1.6 

1.9 

2.2 

2.6 

1.1 

1.3 

1.4 

9.3 

GAUGING  STATION  NO.  3. 
[  Run-off  of  Chittenango  Creek  at  Bridgeport.    ( 'atchment  area,  306.9  square  miles.  ] 


Hfplm  ixhiny  jH'riod. 


Septemlwr,  1898 
Octoljer,  1898... 
Noveml)er.  1898 . 


MeauH  and  total 

Storuye  p^tritnl. 


December,  1898. 

Januarv,  1899 

February.  1899 . 

March,  1899 

April,  1899 

May,  1899 


Means  and  t-otal . 


129  ! 

.'{20 

550 


0.4 
1.0 
1.7 


'A^  I 


600 
450 
711 
820. 

2:jo  I 


1.0 


1.7 
2.0 
1.4 
2.3 
2  7 
.1 


563  I 


1.8 


0.5 
1.1 
1.9 


2.0 
2.8 
1.5 
2  6 
3.0 
.8 


12.2 


Mean  of  15  days. 
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C<yinparative  tables  Hhowing  t^fni-offs  of  sfreows  in   Xcfr    York'  fnnn  September^ 
AsV'.v,  to  Moif,  ISli'Jy  inclnsirc — Continued. 

(lAUGING  STATION  NO.  4. 

[Run-off  of  Oneida  Creek  at  Kenwood.    Catchment  area,  Trfi  M|iiare  miles.] 


Date. 


Rfplni  ixh  intj  prriini. 


October,  issw... 
Novoml>»»r.  IHtW 


storage  period. 


Decern  l)er,  isw. 
Januarv.  1*<JW*  .. 
Fehruarv.lMrt*  . 

March.  lrt«» 

AiTll.WW 

May.lSW 


I  Cubic  feet 
I        per 
I    second. 


Cubic  feet;  IncheR 


Meanu  and  total 


A 

»er  81 
mile 

luare 
per 

on  rawn- 
meut 

Remarks. 

second. 

area. 

1 

i.a 

L.'i 

Mean  of  27  day». 

1»5 

l.« 

l.S 

:r> 

,.a 

1.5 

97 

l.rt 

1.9 

7!» 

\.:\ 

1.4 

12^ 

2.1 

2  4 

liM) 

•>  - 

3.1 

r»8 

1.1) 

1  2 

iti) 

1.7 

11.', 

(*Ar«IN(4  STATION  NO.  U. 
[Run-off  of  West  Branch  of  Fish  Creek  at  McConnellsville.    Catchment  urea.  iwi. 7  square  milon.] 


Keph'u i*h inij  pfrimi. 


8epteml>er,  I8iw . 
Octol>er.  1S98  ... 
Noveml>er,  Mm . 


Means  and  tot«l 

Stoniifr  peri<tft. 


Deceml)er,  1h9k  . 
Jaimary.  1899  .. 
February.  18J»J» . 

March.  1«W 

April,  1H99 

May,  1«»9  


Means  and  total. 


KM  (t.6  .  0.7     Mean  of  Is  days. 

.'«lo  1.7  2.0 

'MO  l.J<  2.1 


250 

1.3 

4.1* 

ISO 
170' 

.5:10 

I.IHO 

IV. 

.9 
2.9  ' 
a..'-, 
1.4  ' 

1.2 
2.4 
.9 
3.3 
6.1 
l.C, 

2. 3  , 


l.'i 


GArOING  STATION  NO.  7. 
[Run-off  of  East  Branch  of  Fish  Cn»ek  at  Point  Ro<'k.     Catchni«»nt  an'u,  H4.3  Miuare  miles.] 


Reph'n  iithiny  ptrifHi. 


September,  1898. 
Octob<^r.  1H9K  ... 
Noyember,  1K98 . 


Means  and  total 

Stoniije  p**n'oti. 


Deceml)er.  1^98 

January,  1899 

February.  1^99 

March.  18JJ9 

April,  1HW9 

May,  1899 

Means  and  total. 


2.-1O 
310 
:{80 


313 


2.4 

3.0 
3.ti 


3.0 


3.5 
4.0 


10.: 


Mean  of  9  days. 


2iH 

^■•\ 

•>  0 

201»  . 

2.0 

2.3 

251  . 

2.4 

2.5 

'M2  i 

3.3 

3.8 

751  ■ 

7  ** 

8.0 

295  . 

2.8  1 

3.2 
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Comixtratice  tables  nhotcin<f  run-offa  of  tttreams  in  AV//*  York  from  Se2yfeml>erf 
ISaS,  to  May,  iSO'J,  *//*o/"«?re— Continued. 

OAUOING  STATION  Xo.  S. 
[Run-oflf  of  Salmon  River  1  mile  al)ovo  falK    C-atchmcnt  area,  1H0.5  Hquare  milen.] 


Date. 


Rt'plen  ish  intj  perhxi. 

November,  1  WIS..  

Storage  j>et'io<i. 

December,  1«»8 

January,  IftW 

February,  IWW 

March.  1899 

April,  1809 

May,  1899 

Means  and  total 


Cubic  feet 

per 

second. 


Cubic  feet     Inches  ' 
per  square  on  catch- 
mile  per  I    ment 
se<*ond.        area. 


m 


Remarks. 


315 

l.fl 

1.8  1 

n2L» 

2.7 

:j.l  ' 

'J<« 

1.0 

1.0  1 

44S8 

•ZA 

a.8  1 

\t.i») 

11. »  . 

l-'.H  1 

(MATi 

•^.t\ 

3.7  ; 

3.8 


GAU(*IN<4  STATION  NO.  J*. 
[Run-oflf  of  Mohawk  River  at  Ridf^e  MilK    Catchment  area.  152.5  sciuare  miles.] 


Keple  n  Uh  i  nq  />#»  ri*  ul. 


October,  1898  .... 
November,  1898  . 


Stornyv  jHTi^Hi. 


December,  1898 . 
January,  1899... 
Februarv.  189i)  . 

March,  189J» 

Aprll,1899 

May.1899 


Means  and  total . 


I 


210 

:«J 
liO 

935 


400 


I 


2.1 

2.4 

2.3 

2.« 

1.3 

1.6 

2.2 

2.5 

1.3 

1.4 

2.7 

3.3 

HI 

7.0 

1.8 

2.1 

17.9  ; 


OAUOIN(»  STATION  NO.  1(». 
[Run-oflf  of  Nin»»  Mile  Creek  at  Stitiville.    Catchment  area,  iVi.t\  wiuare  miles.] 


Repleni»hiti<f  perinti. 
Septeml)er.  1HJI8 


October.  1898  .... 
November,  18ftK 


Means  and  total 

Stttrafje  periini. 


December,  1898. 
January,  1899..., 
February.  1899.. 

March.  1899 

April.  1899 

May,l899 


Means  and  total . 


I 
.'»M  «.4  7. 1  .  Estimated    from 

mean  of  10  days. 
98  1  l.fl  1.8 

92  1.5  1  1.7  I 


190 


3.2  I 


10.0 


1:J5  1 

2.1  I 

2.4 

225  , 

3.fl  1 

4.1 

85  i 

1.4 

1.5 

210 

3.3  ! 

3.8 

340  , 

5.4 

0.0 

47  I 

.8 

.9 

174  . 

j 

2.8  1 

18.7 
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Comparative  tables  shotvitig  runoffs  of  streams  in  New  York  from  September^ 
189S^  to  May,  J899,  inclusive — Cotitinned. 

GAUQINQ  STATION  NO.  11. 

[Run-off  of  Oriskany  Creek  at  Oriskany.    Catchment  area,  144.3  nqnare  miles.] 


I 


Date. 


i  Cubic  feet 
second. 


Cubic  feet    Inches 
per  square  on  catch- 
mile  per       ment 
second.        area. 


RepienUhtng  period. 


October,  1886... 
November,  1898. 


Storage  p*:riod. 


December,  1898. 
January,  18»9... 
February,  1899 . 

March.  W99 

AprilTiaW 

May,  1899 


MeanH  and  total. 


Remarks. 


GAUGING  STATION  NO.  13. 
[Run-off  of  Sauquolt  Creek  at  New  York  Mills.    Catchment  area,  51.5  square  miles.] 


Replen  ish  ing  period. 


September,  1808 . 
October,  1898.... 
November,  1898. . 


Means  and  total. 


Storage  jwriod. 


December,  1898. 
January,  1899... 
February,  1899.. 

March.  1899 

April,  1899 

May,  1899 


Means  and  total. 


57 
58 
58 
111 
127 
38 


0.5 
1.1 
1.1 


.9 


1.1 
1.1 
1.1 
2  2 

5!  5 


1.4 


0.6 
1.2 
1.2 


3.0 


1.3 
1.3 
1.2 
2.5 

2.8 

.8 


9.9 


Mean  of  11  dayv. 


GAUGING  STATION  NO.  14. 
[Run-off  of  West  Canada  Creok  at  Middleville.    Catchment  area,  518.7  square  miles.] 


Replenishing  peri*td. 


October.  1898.... 
November,  1898  . 


Storagv  perityd. 


December,  1898. 
January,1899. .. 
February,  1899  . 

March.  1899 

April. 1899 

May,l899 


MeauK  and  total 


2.1 

2.3 

2.2 

2.5 

1.8 

2.1 

2.0 

2.3 

2.9 

2.9 

2.0  I 
15.5 

2.8  I 

3.0  I 


3.2  j 
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Comparative  tables  nhowing  i-vn-offit  of  streams  in  New  Yitrk  from  September^ 
1898,  to  May,  1899,  'i«c/?i«ive— Continued. 

GAUGING  STATION  NO.  15. 

[Rnn-ofF  of  Mohawk  River  at  Ldttle  Falls.    Catchment  area.  1,30B  square  miles.] 


Date. 


Cubic  feet 

per 

second. 


Cubic  feet!  Inches 
per  square  on  catch- 
mile  per       ment 
second.        area. 


Remarks. 


Replenishing  period, 

September.  1888 

October,l*«H 

November,  1888 

Means  and  total 

Storage  periotl, 

December.  18tt8 

January,  1809 

Pebruary,l«t9 

March,  1899 

April.  1899 

May,i899 

Means  and  total 


2,378 
2,498 
2,891 


l.H 
1.9 
2.2 


2,586 


2.086 
2.7W 
1,510 
3. 7.57 

8.  lie 

2.651 


2.0 


1.6 
2.1 
1.2 
2.9 
6.2 
2.0 


3,475 


2. 0    Mean  of  8  days. 
2.5 


1.8 
2.4 
1.2 
3.3 
6.9 
2.3 


18.0 


GAUGING  STATION  NO.  16. 
[Run-off  of  East  Canada  Creek  at  Dolgeville.    Catchment  area,  255.6  stiuare  miles.] 


Jivple n  uh  in g  jHtrhxI. 


September,  1898. 

Octo)>er,  18»i 

Novemlier,  1898 . 


Means  and  total 

Storage  perioil. 


December,  1898. 
January,  1899  . . 
February,  1899 . 
March,  1899  .... 
April,  1899 


April, 
May,  1899 . 

Means  and  total  . 


806  I 


3.1 


tfW 

2.5 

2.8 

581 

2.3 

2.4 

689 

2.7 

3.0 

6:)5 

2.5 

8.8 

564 

2.2 

2.5 

653 

2.6 

2.9 

ii» 

1.7 

1.8 

519 

2.3 

2.6 

1,978 

7.7 

8.6 

6;^:^ 

2.5 

2.8 

21.3 


Mean  of  8  days. 


Mean  of  18  days. 


GAUGING  STATION  NO.  17. 
[Run-off  of  Garoga  Creek,  4  miles  above  Fort  Plain.    C^atchment  area,  80.8  square  miles.] 


Replen  i  shiny  j}eri(ML 


October,  1898 

November,  1898  . 


Storayt'.  period. 


Deceml»er.  1808. 
January,  1H99  . . 
February,  1899 . 

March,  1899 

April,  1899 

May,  1899 


Means  and  total . 


I 


140 

190 


43 
47 
160 


156 


1.7 
2.3 


.9 

.5 

.6 

2.0 

6.1 

1.2 


1.8 


2.0 
2.6 


1.1 
.6 
.6 
2.3 
6.8 
1.4 


12.8 
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Comparative  tables  showing  run-offs  of  streams  in  New  York  fro^n  Septenil)erf 
JS9S,  to  May,  1SU9,  inclusive — Continued. 

GAUGING  STATION  NO.  18. 

[Run-off  of  Cayadutta  Creek  at  JohnHtown.    Catchment  area,  40  square  miles.] 


Date. 


Replenishing  i>eriod. 

SeptemV«r,  1«W 

October.  1H»H 

November,  1898 

Means  and  total 

Storaije  period. 

December,  1898 , 

January.  1809 

February,  1899 , 

March.  1899 

April,  1899 

May,  1899 

Means  and  total 


Cubic  feet 
second. 


Cubic  feet 

per  square 

mile  per 

»econd. 


62 


44 

39 
31 
74 

81 


Inches  { 
on  catch- 
ment   I 
area. 


0.4 
1.5 
2.0 


1.3 


1.1 
1.0 

.8 
1.8 
5.5 

.8 


1.8 


Remarks. 


0.3 
1.7 
2.2 


1.3 
1.1 

.8 
2.1 
6.1 

.9 


12.  a 


Mean  of  3  days. 


GAUGING  STATION  NO.  19. 
[Run  off  of  Schoharie  Creek  at  Fort  Hunter.    Catchment  area,  9441.7  s^iuare  miles.] 


Replenishing  periitd. 


September,  1898. 

October,  1896 

November,  1898 . 


Meansand  total 

Storage  period. 


December,  1898. 
January.  1899. . . 
February,  1899. 

March,  1899 

April,  1899 

May,  1899 , 


Means  and  total . 


2.6tt2  I 


I 


409 

0.4 

0.5 

1,422 

1.5 

1.7 

2.447 

2.6 

2.9 

l,42tt 

1.5 

5.1 

1,863 

2.0 

2.3 

2.584 

2.7 

3.2 

2.224 

2.3 

2.4 

4,072 

4.3 

5.0 

4.380 

4.6 

5.2 

858 

.9 

1.0 

2.8 


5     Mean  of  7  days. 


19.1 


GAUGING  STATION  NO.  20. 
[Run-off  of  Mohawk  River  at  Rexford  Flats.    Catchment  area.  3..')84.9  Miuare  miles.] 


Storage  period. 


December.  1898. 
January.  1899... 
February.  1809.. 

March.  1899 

April.  1899 

MAy,lW9 


Means  and  total. 


1.3 

1.5 

1.7 

2.0 

1.2 

1.3 

2.7 

3.1 

5.1 

5.7 

1.2 

1.4 

2.2 

15.0 

Mean  of  24  days. 
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Compiiraiice  tablvs  shutriny  ntii-offit  of  stratiun  in  Xctr  York  fnnn  Septeinber, 
Jd'OS,  to  May,  ISUU^  ittchiHt'rr — Continued. 

UAl'dlXC*  STATION  No.  :»1. 
[Run-off  <»f  HutUou  Riv«T.Ht  Mechaiiicville.    ( 'Htchmtfiit  artja,  4.ri0()  M^uare  milea.] 


Date. 


Jieplt'iu'ghiny  jten'iHl. 

September,  1««8 

October.  1898 

November,  1888 

Meauuand  total 

storage  periinl. 

Deoember.lWW 

January.  1(<I9 

February,  1«I9 

March,  18W 

April.  1«W 

May,l899 

MeauH  and  total 


Cubic  feet 

I>er 

necoud. 

Cubic  feet 

per  miuare 

mile  per 

second. 

InobeH 
on  catch- 
ment 
area. 

BemarkH. 

3.  HT2 

0.9 

1.0 

7,H«6 

1.8 

2.0 

»,34:j 

2.0 

2.3 

7,0i:j 

l.ti 

5.3 

5.43ti 

1.2 

1.4 

(t.tf68 

1.5 

1.7 

6,:i5H 

1.2 

1.2 

tt.ttlH 

2.1 

2.5 

33,645 

5.2 

5.« 

9.7ri2 

2.2 

2.5 

10,(170                 2.2 

15.2 

GAUOIXO  STATION  NO.  24. 
[Run-off  of  Black  River  at  Huntinfptonville  Dam.    Catchment  area,  1,889  square  miles.] 


Kej  th'H  i»h  ing  jtrrii  **l. 

September.  1898 

Octol>er,  1898 

November,  1898 

Mean»<aud  t^ital 

Storage  jHTtml, 

December,  1898 

January.  1899 

February,  1899 

March.  1899 

April,  1899 

May,  1899 

Means  and  total 


1,744 
3,fl07 
4.510 


3.400 


2. 752 
4,704 
2.:J81 
5. 112 
14.172 
5.840 


.5,903  I 


0.9 
1.9 
2.4 


1.5 
2.5 
1.3 
2.7 
7.5 
3.1 


3.1 


1.0 
2.2 
2.7 


5.9 


1.3 
3.1 

8.4 
3.« 


20.9 


[Runoff  of  Genesee  River  at  the  Johnston  and  Seymour  Dam,  Rochester.    Catchment  area, 

2,:^t5  square  miles.  ] 


Kepltni  ishing  period. 


September,  1898. 

OctoWr,  1898 

November,  1898 . 


Means  and  total 

Stitrtigr  periini. 


December.  1898  . 
January,  1899  ... 
February,  1899 . . 

March.  1899 

Aprll7l899 

May,  1899 


Means  and  total 


G15 
1,180  I 
2,295  I 


1.3»1 


2.440 
3.  (WO 
l.ttSO 
3.400 
3,<«0 
1.200 


2,613 


0.3 

0.3 

.6 

.6 

1.0 

1.1 

2.0 

1.0 

1.2 

l.ft 

1.7 

7 

1.4 

1.7 

1.3 

1.4 

.5 

.6 

1.1 

7.4 
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The  foregoing  gaugings,  although  covering  a  short  period,  have  still 
been  of  considerable  value  in  helping  to  assign  streams  drawn  upon 
for  water  supply  to  their  proper  category.  The  run-offs  of  the  storage 
period,  December  to  May,  inclusive,  are  complete  for  all  the  stations 
and  by  comparison  with  Hudson  and  Genesee  rivers  for  the  cotempo- 
raneous  period  show  at  once  the  approximate  i^laee  of  these  streams 
as  regards  water  yield. 

ON  METHODS  OF  COMPUTING  FLOW  OVER  DAMS  AT  THE  SEVERAL 
GAUGING  STATIONS. 

On  a  preceding  page  it  has  l>een  pointed  out  that  the  computation 
of  flow  over  dams  whose  profiles  depart  materially  from  the  form  of 
a  standard  weir  has  been,  for  lack  of  data,  in  a  very  unsatisfactory 
state.  This  fact  was  very  strongly  impressed  upon  the  author  in  1896, 
when  he  constructed  a  sharp-crested  weir  on  Genesee  River  and 
obtained  comparative  gaugings  l)etween  the  weir  and  an  irregular 
crested -timber  dam  a  short  distance  l)elow.  An  account  of  the  Gen 
esee  River  weir  and  tlie  comparative  results  o])tained  may  be  found 
in  the  report  on  Genesee  River  storage  in  the  Annual  Report  of  the 
State  Engineer  and  Surveyor  of  New  York  for  1896,  pages  715-719. 

In  order  to  show  the  variations  between  different  standard  formulae 
in  use  for  computing  flow  over  dams,  plate  127  has  been  prepared, 
whereon  are  exhibited  Bazin's  and  Francis's  formula?  for  sharp-crested 
weirs,  Francis's  formula  for  dam  on  the  Merrimac  River  at  Lawrence, 
Mass.,  Frizeirs  formula  for  a  flat-crested  weir,  Mullin's  formula  as 
used  by  the  East  Indian  engineers,  and  tlie  results  of  Ft<3ley  and 
Stearns's  experiments  as  applied  to  a  flat-crested  weir  2  feet  wide,  as 
well  as  Bazin's  series,  No.  115,  for  a  flat-crested  weir  C).5ij  feet  in 
width.     Plate  127  is  self-explanatory. 

Beginning  in  1888  and  continuing  in  the  years  1890,  1891, 1894,  1896, 
and  1898,  H.  Bazin,  inspecteur-general  des  Fonts  et  Chaussees,  has 
published  in  the  Annales  des  Fonts  et  Chaussees  the  results  of  an 
extended  series  of  new  experiments  on  flows  over  weirs  and  dams, 
which  are  in  many  respects  the  most  complete  of  any  thus  far  made. 
The  experiments  of  Messrs.  Fteley  and  Stearns,  as  recorde<i  in  the 
transactions  of  the  American  Society  of  Civil  Engineers  for  January, 
February,  and  March,  1883,  had  indeed  sliown  the  material  effect  of 
width  of  crest  on  discharge  over  weirs,  but  it  was  reserved  for  Bazin 
to  elucidate  the  whole  question  in  a  masterly  series  of  experiments, 
which  are,  as  regards  detail  and  minute  research,  unparalleled. 

The  exi>eriments  on  flows  over  dams  of  irregular  profile  are  given 
in  the  second  number  of  Annales  des  Fonts  et  Chaussees  for  1898, 
which  came  to  hand  in  September,  just  when  the  arrangements  for 
gaugings,  as  described  in  the  preceding  chapter,  were  in  progress.  It 
was  at  once  recognized  that  Bazin's  work  was  in  many  resi)ects  revo- 
lutionary, and  reasoning  on  the  line  adopted  for  the  present  work  of 
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utilizing  all  available  data,  on  consultation  with  your  Board  it  was 
determined  to  apply  his  work  to  the  several  gauging  stations. 

Before  proceeding  to  describe  the  specitie  application  made  we  may 
refer  briefly  to  the  earlier  pai>ers  of  1888,  etc.,  in  which  Bazin  has 
described  his  experiments  on  standaitl  weirs. 

In  the  beginning  of  his  first  paper  Bazin  remarks  that  the  theory 
of  the  weir  is  the  least  advanced  of  all  branches  of  hydraulics.  The 
coefficients  employed  in  practice  vary  between  such  wide  limits  that 
in  most  cases  we  are  unable  to  make  a  rational  selection  from  the 
many  numerical  values  assigned  to  them. 

The  problem,  he  says,  is  in  fact  a  complicated  one,  l)eing  connected 
on  the  one  hand  with  the  theory  of  flow  through  orifices  and  on  the 
other  with  that  of  open  channels.  The  value  of  the  coefficients  in 
each  case  is  influenced  by  many  elements.  Thus  we  ought  to 
consider: 

1.  The  velocity  of  approach — that  is,  the  velocity  with  whicli  the 
upstream  water  reaches  the  weir — the  effect  of  which  can  not  be  neg- 
lected in  Weil's  of  small  height. 

2.  The  contraction  of  the  vertical  section  of  the  stream  at  the  weir, 
the  amount  depending  ui)on  the  height  of  the  weir  and  upon  the  form 
of  the  crest. 

3.  The  lateral  contraction,  which,  though  unimportant  in  weirs  of 
great  length,  seriously  modifies  the  results  in  shorter  weirs. 

As  a  further  condition  Bazin  points  out  that  when  the  downstream 
channel  has  a  >%idth  equal  to  the  length  of  the  weir,  so  that  the  over- 
flowing sheet  of  water  or  nappe  touches  at  the  sides,  thus  preventing 
free  admission  of  water  under  the  nappe,  there  occur  special  phe- 
nomena greatly  affecting  the  flow. 

Bazin's  earlier  papers  are  specially  devoted  to  a  detailed  investiga- 
tion of  these  several  points.  Space  will  not  be  taken  here  to  describe 
his  experiments  in  detail.  The  original  data  may  be  found  in  the 
Annales  des  Fonts  et  ( -haussees  for  the  years  already  cited.  A  trans- 
lation of  the  earlier  numbers  has  also  been  made  by  Messre.  Arthur 
Marichal  and  John  C.  Trautwine,  jr.,  members  of  the  tlngineers'  Club, 
of  Philadelphia,  and  which  may  l)e  found  in  the  proceedings  of  that 
club  for  January,  181H),  July,  181)2,  October,  1892,  and  April,  1893. 

Bazin's  method  of  experimentation  may,  however,  be  briefly  referred 
to.  A  standard  weir  was  set  up  at  the  head  of  a  long  chamber,  in 
which  the  actual  volume  passing  over  was  measured  a  sufficient  num- 
ber of  times  to  give  averages  which  Bazin  considers  are  a(*curate  to 
within  probably  less  than  1  per  cent.  Having  established  in  this  way 
the  values  of  the  coefficients  for  a  standard  weir,  with  heads  varying 
from  about  0.104  foot  to  1.909  feet,  the  experiments  on  weirs  of  irreg- 
ular profiles  were  mad(?  by  placing  each  experimental  weir  below  the 
standard  weir  and  observing  the  heads  synchronously  on  each.  In 
these  experiments  a  steady  current  was  established  in  the  channel 
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and  observations  made  of  tlie  known  volume  passinjj:  over  the  stand- 
ard weir,  and  whieh  volume  also  passed  over  the  weir  under  investi- 
gation lower  down.  If  we  let  H  and  h  denote,  respe(*tively,  the  he*id 
upon  the  standard  weir  and  that  upc»n  the  lower  weir,  L  and  /  their 
corresponding  lengths,  and  M  and  ///  theeoeffieient^of  discharge,  an<l 
then,  adopting  provisionally  formula  (1)  for  the  standard  weir, 

Q  =  MLIIv/i>(/lI (1) 

and  similarly  for  the  lower  weir, 

ii  =  mlhx/-2(/h (2) 

Equating  these  two  values  of  Q  we  have 

:SlLUx/Ux/:lg  =  „ilh\/hx/2(j,  or 

from  which  w^e  deduce  the  value  of  tn: 

L  \.  /ir 


and  convei-sely 


As  already  stated,  l^azin's  preliminary  gauging  oi>erations  gave, 
once  for  all,  the  coefficient  M  for  tlie  standard  weir  for  each  value 

of  11.     Therati<»  t ,  which   is  very  nearly  unity,  remains  c<mstant  for 

all  the  experiments  of  any  one  series;  and  wo  have,  therefore,  only  to 
measun*  the  heads  IF  and  //  in  ord(»r  to  obtain  the  coefficient  ///. 
Fteley  and  Stearns  experimented  somewhat  on  the  influen(*e  of  tlie 
height  of  the  weir  upon  the  flow,  and  probably  as  inttMvstinga  point  as 
any  brought  out  by  Bazin's  extended  (»xj>eriments  is  the  considerable 
influence  of  this  element  upon  tht*  flow.  After  presenting  the  details 
of  experimental  on  weirs  of  various  heights  and  for  variinis  heads 
between  the  limits  stated,  Bazin  gives  a  table  of  values  of  the  c(H»ffi- 
cient  ///  for  weirs  ranging  from  a  height  of  O.OSri  foot  to  <*».56  feet. 
Column  (11)  of  this  table,  as  repriKlu(*ed  beh)w,  gives  tlie  limiting  value 
of  ///,  which  equals  the  (*oefficient  h  (rei)resente<l  by  //)  of  Bazin's 
formula,  and  which  represents  the  value  of  m  foraweirof  infinite* 
height,  or  of  such  a  height  that  t  he  height  of  the  weir  above  the  bottom 
of  the  channel  has  no  further  elTect  upon  the  flow.  As  will  be  s(H*n 
by  examining  this  table,  the  influence  is  only  slight  beyond  0.50  feet. 
The  formula  for  a  sharp-(*rested  weir  without  end  contra(*tions  as 
ordinarily  used  in  the  United  States  is  that  of  Franris — 

Q  =  (/H- 
In  this  fonnula  it  is  necessary  to  take  into  ai'count  the  velocity  of 
approach.     AVe  may  cimsider  li  as  without  corrections  while  in  II  all 
corrections  an^  mad<'. 
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Values  of  the  coeffixiient  in  in  the  formula  (^  =  vil  h  x/ J  ah  ^  for  a  ifharp-crested  weir 
ivithout  lateral  contraction^  the  air  being  admitted  freely  beneath  the  oi'erflowing 
sheet  or  nappe. 


Limit- 

ing 
value 
of  m 

equals 

Head 
equals  h 
in  feet. 

Values  of  the  coefficient  w,  corresponding  to  the  height, />, 
weir  above  the  Vx>ttom  of  the  channel. 

of  the 

coeffi- 

cient n. 

a) 

(2; 

(3; 

(4) 

^5) 
1.640 

(6) 

0) 

(8) 
3.280 

(9) 
4.920 

(10) 
6.560 

ai) 

Value  of 

0.656 

0.984 

1.312 

1.968 

2.624 

oc 

u.iu 
feet. 

O.IM 

0.458 

0.453 

0.451 

0.450 

0.449 

0.449 

0.449 

0.448 

0.418 

0.4(81 

0.197 

0.456 

0.450 

0.447 

0.445 

0.445 

0.444 

0.443 

0.44:3 

0.443 

0.4427 

0.280 

0.455 

0.448 

0.445 

0.443 

0.442 

0.441 

0.440 

0.410 

0.4:i9 

0. 4.^391 

0.282 

0.456 

0.447 

0.443 

0.441 

O.440 

0.4:« 

0.438 

0. 437 

0.437 

0.4;363 

0.295 

0.457 

0.447 
0.449 

0.442 
0.446 

0.440 

0.4:J8 

0.4.» 

0.4;« 
"o744r 

0.435 

0.434 

0.4340 

Means. 

0.456 

0.444 

0. 44;^ 

0.442 

0.441 

0.440 

0.4400 

0.328 

0.450 

0.447 

0.442 

0.439 

0.437 

0.4a5 

0.434 

0.4J3:3 

0.433 

0.4:C2 

0.394 

0.462 

0.448 

0.442 

0.438 

0.4^% 

0.433 

0.432 

0.430 

0.430 

0.4291 

0.459 

0.466 

0.450 

0.443 

0.438 

0.435 

0.432 

0.430 

0.428 

0.428 

0.4367 

0.525 

0.471 

0.453 

0.444 

0.4i*S 

0.4;j5 

0.431 

0.429 

0.427 

0.420 

0.  i246 

0.591 

0.475 

0.456 
0.451 

0.446 

0.4;39 

0.4ii5 

0.431 

0.428 

0.438 

0.425 

0.4229 

Means. 

0.467 

0.443 

0.438 

0.436 

0.4iJ2 
0.4:31 

0.431 

ir.«8^ 

0.429 
0.425 

0.428 

0.4271 

0.666 

0.4W0 

0.459 

0.447 

0.440 

0.4J« 

0.428 

0.4215 

0.722 

0.484 

0.462 

0.449 

0.442 

0.437 

0.431 

0.428 

0.424 

0.423 

0.42«3 

(J.  787 

0.488 

0.465 

0.452 

0.444 

0.438 

0.432 

0.428 

0.424 

0.422 

0.4194 

0.853 

0.492 

0.468 

0.455 

0.446 

0.440 

0.432 

0.429 

0.424 

0.422 

0.4187 

0.919 

0.496 
0.488 

0.472 
0.465 

0.457 
0.452 

0.448 
0.444 

0.441 
0.438 

0.4:« 
0.432 

0.429 
0.428 

0.424 

0.422 

0.4181 

Means. 

0.424 

0.422 

0.4196 

0.984 

'aauT 

"07475 

0^461) 

1^450 

0.443 

0.434 

0.4;*) 

0.424 

0.421 

0. 4147 

1.050 

0.500 

0.478 

0.44V2 

0.452 

0.444 

0.436 

0.430 

0.424 

0.421 

0.4168 

1.116 

0.600 

0.4«1 

0.44M 

0.454 

0.446 

0.437 

0.431 

0.424 

0.421 

0.4162 

1.181 

0.500 

0.4K} 

0.467 

0.456 

0.448 

0.438 

0.432 

0.424 

0.421 

0.4166 

1.247 

0.500 
0.500 

0.486 

0.469 

0.458 

0.449 

o.4:» 

o.4;« 

0.424 

0.421 

0.4150 

Means. 

0.481 

0.464 

0.454 

0.446 

0.437 

0.431 

0.424 

0.421 

0.4162 

1.312 

0.500" 

0.489 

0.472 

0.459 

0. 451 

1)7410 

0.433 

0.424 

0.421 

0. 4141 

1.378 

0.500 

0.491 

0.474 

0.44il 

0.452 

0.441 

0.4ii4 

0.425 

0.421 

0. 41d8 

1.444 

0.500 

0.494 

0.476 

0.46:^ 

0.454 

0.442 

0.4a5 

0.425 

0.421 

0. 4134 

1.509 

0..T00 

0.496 

0.47H 

0. 465 

0.456 

0.443 

0. 435 

0.425 

0.421 

0.4128 

1.675 

0.500 
0.500 

0. 4JI6 
0.493 

().4>«) 
0.476 

0.467 
0.463 

0.457 
0.454 

0.444 
0.442 

0.4^36 
0.435 

0.425 

0.421 

0.4122 

Means. 

0.425 

0.421 

0. 4i:38 

1.640 

0.5flO 

"«r496~ 

~ir4«i' 

117468" 

~(f.'459 

1)7446 

o74:J7 

17426 

~0742r 

0.4118 

1. 7(Hi 

0.."i(lO 

0.496 

o.4h:j 

0. 470 

0.460 

0.444i 

0.4:» 

0. 426 

0. 421 

0.4112 

1.772 

0.500 

0.496 

0.4«5 

0.4?2 

0.461 

0.447 

0.4;« 

0.426 

0.421 

0.4107 

1.H37 

O.aO;! 

0. 4MI 

0.487 

0. 47:] 

0. 46:^ 

0-418 

0.4;«) 

0.427 

0.421 

0. 4101 

1.9(« 

0.5I*) 

0.496 

0.489 

0. 475 

0.464 

0. 449 

0. 440 

0.427 

0.421 

0.4(W6 

1.969 

0.5JIO 

0.490 

0.490 

0.476 

o.46e> 

0. 451 

0. 441 

0.427 

0.421 

0.4092 

Means. 

0.500 

0.  49ti 

i).4H6 

0.472 

0.462 

0.448 

0.  ^M\ 

0.427 

0.421 

0. 4104 

In  regard  to  the  ae<*urHey  of  the  eoeftieieuts  as  given  by  the  preced- 
ing tribulation  J^azin  remarks  that  except  in  the  unusual  cuse  of  a 
very  low  weir,  which  should  always  l>e  avoided,  the  preceding  table 
will  give  the  coefficient  m  within  1  per  cent;  provided,  however,  that 
the  arrangements  of  his  standard  weir  be  exactly  reproduced.  It  is 
also  pointed  out  as  especially  important  that  the  admission  of  air 
behind  the  falling  sheet  be  i)erfectly  assure<l,  as  otherwise  ///  may 
vary  within  much  wider  limits. 

The  following  tables  give  in  English  measures  the  results  of  Bazin's 
H.  Doc.  149 :39 
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experiments  on  weirs  of  irregular  i^rofiles  from  series  No.  IL'5  to  Xo. 
193,  inclusive,  except  that  a  few  of  the  series  have  heen  omitted  from 
these  tables: 

Special  Experiments  on  Weirs  with  Wide  CrestsJ 

BAZIN'S  SERIES  NO.  113. 


Number  of  experiment. 

h  =■  depth 

on  crest, 

in  feet. 

m->  coeffi- 
cient of 
discharge. 

1 

'  Number  of  experiment. 

/I -depth 
on  crest, 
in  feet. 

m  —  coeffi- 
cient of 
discharge. 

1  

O.206 
0.389 
0.363 
0.443 
0.518 
0.502 
0.067 
0.786 
0.805 
0.«W 

o.aaM 

0.3318 
0.3807 
0.8302 
0.3821 
0.8348 
0.8878 
0.3427 
0.3468 
0.3404 

11 

0.986 
0.968 
1.035 
1.076 
1.114 
1.150 
1.197 
1.252 
1.320 

0.3547 

2       

12 

O.:)503 

8 

'  13 

0.3628 

14 

0.366f) 

i  15 

0.3682 

1  16     

0.3734 

1  17 

0  3758 

g 

1  18 

0.3821 

1  19 

0.3877 

10 

1 

1 

BAZIN'S  series  NO.  U4. 

-  2.'6£ M 


h  —  depth 
Number  of  experiment.  >  on  crest, 
I    in  feet. 


1. 
2. 
3. 
4 
5 

? 

8 
9 


! 


0.204 
0.3H() 
0.362 
0.433 

l>.57» 

(I.  :'V> 

(»:o 


m  =  coeffi- 
cient of    ;  Number  of  experiment, 
discharge. 


0.307:1  I  10 

0.3167  11 

0.3229  12 

0.3245  I  13 

0.323:^  i  14 

0:j-»41  15 

o.:t»:(»    16 

II 


h  =>  depth   m  -■  coeffi* 

on  crest,       cient  of 

in  feet,     discharge. 


0.882 
0.958 
l.(J34 
1.112 
1.171 
1.34:^ 
1.301 

l.:»4 


o.:«)0 

0.3316 
0.3336 
0.3351 
0.3861 
0.:«»8 
O.:i407 
O.;)440 


» For  a  considerable  exteuj-ion  of  these  data  see  Trans.  Am.  Soc.  C.  E.,  paper  No.  8H4,  On  the 
Plow  of  Water  Over  Dams,  Vol.  XL  IV,  December,  1900. 
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Special  Experiments  on  Weies  with  Wide  Crests— Continued. 

BAZIN'S  SERIES  NO.  115. 

I. 


Knmber  of  experiment. 


1. 
2. 

8 
4. 

5. 
6 

7, 
8. 
9 
10 


h  —  depth  j  m  --=  coeffl-  j 

on  creHt,       cient  of   \\  Number  of  experiment 
in  feet.    |  dis<3harKe. 


0. 19« 

0.2747 

0.:M4 

0.30U4 

0.842 

0.3(H7 

0.415 

0.3123 

0.495 

0.3119 

0.5«« 

0.3184 

0.638 

0. 3173 

o.ne 

0.3194 

0.7HS 

0.3243 

0.871 

0.3245 

h  =  depth 
on  crest, 
in  feet. 


m  =  coeffi- 
cient of 
discharge. 


BAZIN'8  SERIES  NO.  Uft. 


> 


^: 


i!il' 


^r:55K3%r:5^4% 


Number  of  exi>eriment. 

h  =  depth 
on  crest, 
in  feet. 

m  =  coeffi- 
cient of 
dischargee. 

0.;t}72 
0.a52» 
0.3»Ji»7 

o.:*j:fr 

0.3679 
0.3707 
0.3781 
0.3753 
0.3734 

Numljer  of  experiment. 

A -depth 
on  crest, 
iofeet. 

VI  =  coeffi- 
cient of 
discharge. 

1 

0.177 
0.235 
0.296 
0.367 
0.435 
0.504 
0.537 
0.689 
0.713 

i 
10 

0.781 
0.849 
0.917 
0.986 
1.053 
1.120 
1.185 
1.251 
1.317 

0.3742 

2 

11 

0.3764 

3.... 

12 

0.3765 

4 

13 

0.3797 

5 

14 

o.:wi3 

6 

15 

0.8841 

;  16 

0.385W 

8 

17 

o.38a:< 

9 

;  18 

0.3888 

1 
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Special  Experiments  on  Weirs  with  Wide  Crests— Continued. 

BAZINS  SERIES  NO.  117. 


/?««/.  0.33 


Number  of  experiment. 


1 
2 
3 
4 

5 
6 

7 
8 
9 


A  =  depth   m  =«  coeffi- 
on  crest,  |   cient  of 
in  feet.     \  diacbarge. 


I 


0.158  1 

0.2741 

0.304  ; 

0.3S87 

0.289  i 

0.3207 

0.361 

0.32H6 

0.4S6  ! 

0.3396 

0.494 

0.3452 

0.562 

0.3533 

0.635 

0.3521 

0.708 

0.:i563 

I  /<  s  depth 
Number  of  experiment. ,  on  crest, 
in  feet. 


i| 


10 
11 
12 
13 
14 
15 
16 
17 
18 


0.771 
O.KU 
0. 9J2 
0.989 
1.064 
1.129 
1.197 
1.267 
1.336 


iM  =  coelB- 

cient  of 
diHcharge. 

0.3604 

o.:m» 

0.3649 
0.3671 
0.36H0 
0.3678 
0.3701 
0.3712 
0.37:il 


First  Group. — Face  of  the  tveivy  on  the  doiimHtream  side,  vertical  or  nearly  vertical, 

BAZIN'8  SERIES  NO.  125. 


s 

I 

i. 


!  h  =  depth 
Number  of  experiment.]  on  crest, 
in  feet. 


I 


2- 
3. 
4. 

5. 
6. 

.7. 

8. 

9. 
10. 


0.318 
0.883 
0.439 
0.492 
0.532 
0.569 
0.633 
0.691 
0.752 
0.818 


m  =  coeffi- 
cient of 
discharge. 


I: 


Number  of  experiment. 


a  Nappe  depressed. 


a  0.4516  11 
0.4530  ,  12 
0.4604  I  13 
0.4715  i  14 
0.4978  I    15 

60.5258  16 
0.5178  17 
0.5187  ii  18 
0.5100  ,  19 
0.5082 


h  —  dei)th  i  m  =  cxjeffl- 
on  ci'est,  I    cient  of 
in  feet.    ;  discharge. 


0,878  I 
0.95(»  , 
l.(KW  i 

i.<rr7 

1.140 
1.190 
1.266 
1.328 
1.395 


0.5(M7 
0.4»im 
0.4996 
0.49W 
0.4905 
0.4919 
0.4892 
0.488:j 
0.4863 


6  Nappe  wetted  underneath. 


DEEP   WATERWAYS. 
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First  Group. — Face  of  the  weir,  on  the  downstream  Hide,  vertical  or  nearly 

I'er^yca/— Continued. 

BAZIN'S  SERIES  NO.  126. 


Number  of  experiment. 

h  =  depth 
on  crest, 
in  feet. 

m  =  coeffi- 
cient of 
discharife. 

a  0.5015 
0.5ieH 
0.502* 
0.5]:J8 
0.5205 

60.5332 
0.5256 
0.52:« 
0.5251 
0.5244 

Number  of  experiment. 

h  =  depth 
on  crest, 
in  feet. 

0.860 
0.920 
0.981 
1.040 
1.105 
1.164 
1.222 
1.284 
1.351 

m  «  coeffi- 
cient of 
discharire. 

1       

0.295 
0.3HO 
0.413 
0.467 
0.520 
0.567 
0.627 
0.684 
0.740 
0.804 

11       

0.5234 

2 

12...  

13        

0.5233 

3    

0.52(0 

4 

14 

0.5228 

5       

15 

1  16 

1  17 

1  18 

19 

0. 5175 

6 

0.5197 

7             

0.5170 

8 

0.5187 

9 

10 

0.5142 

a  Nappe  depres-sed. 


6  Nappe  wetted  underneath. 


BAZIN'S  SERIES  NO.  127.  o 


1 

Number  of  experiment. 

h  =  depth 
on  crest, 
in  feet. 

m  —  coeffi- 
cient of 
discharge. 

1  Number  of  experiment. 

h  »  depth 
on  crest, 
in  feet 

m  =  coeffi- 
cient of 
dischargre. 

1 

0.324 
0.389 
0.449 
0.609 
0.661 
0.608 
0.653 
0.697 
0.764 
0.831 

60.4326 
0.43K4 

11 

0.896 
0.961 
1.083 
1.093 
1.166 
1.228 
1.292 
l.:^60 
1.424 

0.4895 

2           

12 

0  4885 

3 

0.4419 
0.4454 
0.4606 
0.4728 
0.4933 
r0..')072 
0.49H9 
0.4935 

13 

0.4812 

4 

14 

0.4823 

5 

15 

0.4720 

6 

16 

0.4746 

7 

17 

18 

0.4729 

8      

0.4726 

9 

19 

0.4715 

10 

a  See  Bazin's  obeeryations  relative  to  the  behavior  of  the  nappe  for  series  Noe.  127  and  128. 

6  Nappe  depressed. 

r  Nappe  wetted  underneath. 
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DEEP   WATERWAYS. 


First  Group.— Face  of  the  weir,  on  the  downstream  side,  verticcd  or  nearly 

t^ertical — Continued. 


BAZIN'S  SERIES  NO.  128.  a 


f 

^    ^ 

^ 

1 

y/^V^ 

Number  of  experiment. 


1. 
2. 
3. 
4. 

6. 

6. 

7. 

8. 

9. 
10. 
11- 


I  , 


h  —  depth  I  m  =  coeffi- '  .  fc  —  depth 

on  crest,  '    cient  of    ii  Number  of  experiment. ;  on  crest, 
in  feet,      discharge.  |  in  feet. 


0.2»5  : 

/>0.ai)15 

0.353 

0.5104 

0.4O7  , 

0..5000 

0.464 

0.5107 

0.52« 

0.6068 

0.580 

0.5150 

O.flSB 

0.5183 

O.WIS 

0.5I7P 

0.787 

0..5156 

0.805 

0.5178 

0.843 

o.5i;» 

12 
13 
14 
15 
16 
17 
18 
1» 
20 
21 


m  >■  coeffi- 
cient of 
dischar)^. 


0.890 

c 0.4909 

0.925 

0.4955 

0.967 

0.4849 

1.(1^3 

0.4834 

l.OWl 

0.4830 

1.166 

0.4766 

1.230 

0.4758 

1.294 

0.4725 

l.:i60 

0.4733 

1.430 

0.4696 

a  See  Bazin'6  observations  n^lative  to  the  liehavior  of  the  nappe  for  series  Nos.  127  and  128. 

h  Nappe  adhering. 

cNap];>e  wetted  underneath. 

BAZIN'S  SERIES  NO.  129. 


/ 


0.^39 


^'  1 

- 

X^sJ 

t 

\'^J^ 

XVs 

>^ 

^ 

^ 

i 

h  -=  depth    m  =  coelS- 
Number  of  experiment,     on  crest,       cient  cf 
in  feet,      distcharge. 


1 
2 

3 
4 

5 
6 

7. 
8. 
9. 
10 


0.343 

fiO. 

0.;«I9 

0. 

0.4.')6 

0. 

0.511 

0. 

0.565 

0. 

0.612 

b{\. 

0.665 

0. 

0.726 

0. 

0.774 

0. 

0.830 

0. 

h  —  depth  '  m  =»  coeffi- 
Numlier  of  exiwriment.     on  crest,   1    cient  of 
in  feet.     '  discharge. 


40i4  11 

4225  1:.' 

4;i43  1  { 

44(»  U 

4577  ,  !.-» 

4722  1  1.; 

4778  I  17 

4838  IH 

4^52  I  19 
4982  , 
I 


0.885 

0.5029 

0.1*4;^ 

0.5079 

o.9ir> 

0.5116 

1.047 

0.5155 

1.102 

0.5187 

l.ltSi 

0..5174 

1.212 

0.52:J6 

1.26e 

0..526:i 

1.327 

1 

0.5270 

a  Nappe  depressed. 

&Napi>e  wetted  underneath  and  attached  to  flat  credit. 


DKEP    WATERWAYS. 
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First  Group. — Face  of  the  weir,  on  the  downstream  side,  vertical  or  nearly 

tv7r<  ?crt/— Continued. 

BAZIN'H  8ERIES  NO.  i:)0. 


h  =»  dei)th  i  m  =  coeffl- 
Nnmber  of  experiment,     on  crest,   |   cient  of 
in  feet.    \  discharge. 


1. 
2. 
3. 
4. 

5. 
6. 

7. 

8. 

9. 
10. 
11. 


Number  of  experiment. 

I 


0.274 
0.336 
0.396 
0.4o2 
0.510 
0.565 
0.618 
0.6?i 
0.728 
0. 785 
0.837 


h  —  depth    m  —  coeffi- 

on  crest,  i   cient  of 

\    in  feet.    !  discharge. 


ao.nm 

12 

0.896 
0.966 
l.Oll 
1.089 
1.128 
1.187 
1.240 
1.299 
1.842 
1.406 

0.4803 

0. 4138 

13 

0.4949 

0.4213 

14 

0.4970 

0.4339 

15 

0.4988 

0.44.58 

'  16.:.::..:.:.:.:. 

0.6011 

0.4546 

,  17 

0.5081 

hO.4663 

18 

0.5051 

0.4694 

19 

0.5074 

0. 4769 

20 

0.5106 

0.48U1 

21             

0.5134 

0.4882  . 

1 

aNap];>e  dv^pressed  or  ailhering.  but  unstable. 

b  Napi>e  wetted  underneath  and  attached  to  flat  crest. 


BAZIN'8  SERIES  NO.  131. 


Number  of  experiment. 

(1) 

h  =-  depth 
on  crest, 
in  feet. 

(2) 

o.:m7 
o.:J3n 
u.:m 

0.  ifi) 
0.504 
0.564 
0. 610 
0.667 
0.720 
0.773 
0.835 

m  =  c*>effi  - 

cient  of 
diHcharge. 

(3> 

Numl)«r  of  exp«»riment. 

/i  =  depth 
on  crest, 
in  feet. 

(2) 

0.889 
0.943 
0.998 
l.(K6 
1.09S 
1.161 
1.213 
1.264 
1.333 
1.394 

m  =»  coeffi- 
cient of 
discharge. 

(3) 

1 

r»  0.3989  ! 

/>  0.4140  1 

0.4298 

12         

0.4997 

2 

13 

0  5048 

3 

14 

0.5090 

4 

0.4;{2ti  i 

15    

0. 5128 

5 

0.444;?  1 

0.4611  ; 

(».  47.55  1 
0. 4770  i 
0.4882  , 
cO.4937  ; 
0.4948  j 

16 

17          .              

0. 5172 

IS 

0  5167 

18 

0.5236 

8 

19     ..                            .     . 

0  5049 

9 

20 

0.5242 

10 

21        

0  5284 

11 

a  Nappe  depressed. 
5  Adhering  nappe, 
c  Nappe  wetted  und<'rneath  and  attache<l  to  flat  crest. 
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DEEP    WATERWAYS. 


First  Group. — Face  of  the  urir,  on  fh*'  ilon-vstn'mn  ttUie^  t*eriUfiI  or  nearly 

rerticnl — Continued. 

BAZIN'S  SERIES  NO.  l-ii. 


h  r^  depth    «i  ■    r«H?ffl- 
Kumlter  of  experiment,    on  crent,   -    <'ient  of 
in  feet      dincharge. 


NunilHT  of  <*.\i>erinient. 
.1 


h    -depth  .  m  Toefll- 
on  rreHt,      rient  of 
in  feet    1  diticharfce. 


1 

•> 

0..'JC 

o.:fttH 

.I0.412S 
0. 4351 
0.4:M4 
0.44>« 
0.  UMi 

0.  47W 
0. 4**7« 
0.  W2\ 

n 

\* 

f>.»*74 

(i.uaii 

(I.510H 
0  .5184) 

3 

4 

5 

0.4,'>J 

0.."i(W 

o.r,»« 

o.rtiw 

O.HiVi 

13 

14 

15 

n.M7* 

I.IM7 

i.inu* 

0..5337 

/»(K.5ia» 

0.5174 

6 

7. ................ 

1« 

l.l»i5 
1. :.»!•,» 

0.5177 
0. 5225 

8 

9 

10 

o.:iJ» 

0.779 

O.HA\ 

1 

IS 

10 

I.-'71 

'           l.ifciH 

0. 5S» 

o.sarto 

a  yapi)e  a<lherinK- 

b  Napiie  wotte<l  und«>rneHth  and  attache<1  to  flat  t-rent. 


BAZINS  SERIES  NO.  l.CJ. 


,  /p  0.33 


r 

Nt 

^- 

in  =  crjeffl 

cient  of 

ditM-harife. 

^3. 

a  0. 3H4t} 
0.4i2S 

/>0.41i7 
il.  4i»J  i 
0  4145 
il  4540 
0.44102 
0.4775 
().  4ittJ 
0.  W70 
0.5ir70 

Nunilierof  cxiN>riuient. 

.1) 

Nnm1»er  of  experiment. 

(1. 

h  =  depth 
on  crent, 
in  feet. 

0. 340 
0.44*< 
0.4«lil 
0.  45«J 
O.-'ilNl 
0  5«5 
o.rtio 
O.tWH 
0.7<r7 
0. 7rt7 
O.Klrt 

h      depth 

on  crost, 

in  feot. 

(2) 

Ml  ^  coeffi- 
cient of 
dlHchar^. 

(3) 

1 

13 

0.S70 
0.«2S 
('  07S 
!.<«» 
1.0U5 
1.305 
l.SKf 
1.27rt 

i.;m 

1.415 

r0..51*iJ 

•» 

0  5151 

3 

4 

14 
'5 
lii 
17 
IS 
19 
'^) 
21 

o.5ai>f 

0  5ii4 

5 

0  524i' 

ft 

</  0. 4HH9 

7 

0. 471M 

8 

0.4H4:: 

9 

10    

0. 470S 
0.47lRJ 

11 

«  Napix'  dei>re»*Hed. 

b  Nappe  adhering. 

r  N^appe  wetted  underneath  and  attached  to  flat  creHt. 

d  Nappe  wetted  underneath,  bnt  deta(*hed  from  flat  creHt. 


DEKP   WATERWAYS. 


()17 


First  Group. — Face  of  the  weir,  cm  the  (hurusfrenyn  Hide,  vertical  or  uvarl\ 

vertical — Continued. 

BAZINS  SKRIES  N< ».  134. 


^^^ 


i 


0.3d 


Number  of  experiment. 

(1» 


1. 
2. 
3. 
4.. 
5.. 
6. 
7-, 
8.. 
9. 
10. 


h  -•  depth 
on  crest, 
in  feet. 

(2) 


wi  -i  coeflfl-' 

cient  of 

dijtchari^e. 

(3' 


Nnnil>er  of  exporlmeiit. 


0.4<»5  ' 

0.4.Vt 

0.513 

0.5H7 

0.615 

OJWA 

0.714 

0.7H7 

0.H15 


n0.3KM(l  I 
0.40MI  ' 
0.422K  , 
0.4:J7.S  ; 
0.4515  ! 
0.4i«« 
0. 4751 
0.4^7 
(K4970 


11  . 
12. 
13 
14. 
15. 
IH. 
17 
IM. 
19. 
O.SOrtl  ;   30. 


h  =■■  depth 

m  ■=  coeffi- 

on crest. 

cient  of 

in  feet. 

discharge. 

(2) 

(3) 

O.Hfifl 

0.5186 

0.  iNW 

0.52H0 

0.9«W 

0.5334 

1.011 

0.53H0 

l.OHO 

0.5427 

1.118 

0.546:1 

1.253 

fc  0.4957 

1.34H 

0.4804 

1.574 

0.4764 

1.4>«« 

0. 4713! 

a  Nappe  adhering. 


/>Napp«*  wetted  underneath,  but  detached  from  flat  crent. 


BAZIN'S  SERIES  NO.  l;K. 


A -depth 
Number  of  experiment,  i  on  rreet, 
i    in  feet. 

(1)  :    (2) 


»n»=coeftl-  •                                              '  /'  -depth  »w«coefB- 

cient  of   ,•  Num)>er  of  experitiiHut.    on  crfr^st,  cient  of 

discharge.:'                                                in  feei.  discharge. 

yW)                                 (H                      .«•-*)  (3) 


1 

0.224 
0.2J*2 
0.:J53 
0.422 
0.480 
0.541 
0. 597 
0.657 
0.712 
0.77;^ 
0.H29 

o  0.3727  , 

o.;iH:i9 
0.3»;2 
o.:wt>i 

0.4<»71 
0.4127 
o.424:j 
ft0.42»W 
0.4JM7 
0.4:»4 

o.44;w 

1 
12 

11  St)2 
(1  IKKI 
1.011 
l.OGJJ 
1.119 
1.175 
1.2:«» 
1.275 
].:{46 
1.410 

0.4406 

2 

13     

0.4575 

3 

14     

0.4614 

4 

15 

0.4657 

5.:.::...... :: 

16     

0.4895 

6 

17 

0. 474C 

18    

0. 4757 

8 

19             ...              

0.48:19 

9 

20 

0.4824 

10 

,  21 

i 

0.4847 

11 

a  Nappe  depressed. 


h  Napiie  wett«Hl  underneath. 
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DEKP    WATERWAYS. 


Second  Group. — Face  of  the  weir^  on  the  vpst ream  side,  vertical  or  nearly  vertical, 

BAZINS  SERIES  NO.  l;JiJ. 


t 

S.  ^ 

>p 

VyOw*^ 

vt 

//y^^ 

<M 

f//xx^\. 

\ 

yv/yj^>s^ 

Number  of  experiment. 

(1) 


^— de]>tb  /H=coefli-  |, 

on  crest,       cient  of    ;!  NumlKT  of  experiment, 

in  feot.  discbarore. 

(2)  (3)  (H 


1 

0.18:1 

0.244 
0.304 
0.364 
0.434  1 
0484  1 
0.542  I 
0.597  i 
0.(V58 
0.713 
0.776  ' 

0.48(V5 

s 

0.4815 

3 

0.48(0 

4 

0.4814 

5  

0. 48;{1 

6 

0.4820 

7 

0. 4842 

8 

0.4^54 
0. 4874 

9 

10 

0.488tl 

11 

0.4900 

12 

II  13 

!!  14 

15 

16 

17 

IH 

19 ' 

»» I 

21 


/i=«depth  I  wi>ecoeffi- 

on  crest,  cient  of 

in  feot.  diocbargo. 

(2»  (3) 


0.830 

0.4948 

0.887 

0.4941 

0.953 

0.4962 

1.010 

0.4950 

1.068 

0.4979 

1.122 

0.4975 

1.179 

0.4997 

1.244 

0.4999 

1  299 

0.5005 

l.:w 

0.5VB3 

BAZIN'S  SERIES  NO.  137. 


^ 

.< 
^ 


Number  of  experiment. 

(1) 


1, 
2 
3 
4 

5 
6. 

7. 
8. 
9, 


h.  =  de])tli  :  m  -^  coefti- 

on  crest,  j   cient  of 

in  feet,  i  discbarfre. 

(2j  !         (3) 


0.268 
0.339 
0.391 
0.451 
0.513 
0.578 
0.61*7 
0.7W> 
0.765 


'  A— deptb    m  ~  coeffi- 
Numl)er  of  experiment.  I  on  crest,      cient  of 
in  feet.    ■  discbarKe. 

(1)  •2i  (3) 


0.4;K4 

10 

1.           0.822 

1           0.887 

0.4441 

0.4310 

11 

0.4445 

o.4aw 

12 

1           0.946 

0.4513 

o.4:i23 

i;j       

1            1.012 

0.4476 

0.4400 

14 

;               1.078 

0.4505 

0.4:C7 

15 

'           1.142 

(J.4490 

0.4;t78 

16 

1.201 

0. 4517 

0.4434 

17 

1.262 

0.4530 

0.4437 

18 

I.:i22 

0.4543 

DEEP   WATERWAYS. 
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Second  Group. — Face  of  the  iveir,  on  the  upstream  itide^  vertical  or  nearly 

verftca/— Continued . 

BAZIN'S  SERIES  NO.  138. 


Nnmber  of  eziMriment. 

(1) 

h  »  depth 
on  crest, 
in  feet. 

(2) 

1 

0.194 
0.263 
0.327 
0.301 
0.447 
0.510 
0.571 
0.6J» 
0.685 
0.745 
0.807 

2 

8 

4       

6 

6      

7 

8 

9 

10 

11 

m  =»  coefH- 

(!ient  of    ij  Number  of  experiment, 
discharfce.  ! 

(3)  I  (1) 


0.4450  12 

0.4367  13 

0.4344  14 

0.435tt  I  15 

0.4429  16 

0.4524  17 

0.4611  18 

0.4622  !  19 

0.4565  20 

0.4697  21 

0.4611  ! 


h a  depth 
on  crest, 
in  feet. 

(2) 


0.873 
0.927 
0.992 
1.045 
1.110 
1.176 
1.233 
1.289 
1.355 
1.427 


m  =i  coeffi- 
cient of 
discharge. 

(3) 


0.4687 
0.4643 
0.4683 
0.4743 
0.4707 
0.4716 
0.4746 
0.4758 
0.4758 
0.4778 


BAZIN  S  SERIES  NO.  139. 


i  r/A 

^ 

^ 

Number  of  experiment. 
(1) 

K  —  depth  !  m  =  coeffi- 
on  crest,  1   cientor 
in  feet.    1  discharge. 

(2)                 (3)        ! 

Number  of  experiment. 

(1) 

h  «  depth 
on  crest, 
in  feet. 

(2) 

m  =  coeffi- 
cient of 
discharge. 

(3) 

1 

0.190 
0.353 
0.312 
0.375 
0.434 
0.500 

0.4561 
0.4585 
0.4IM1 
0.4570 
0.4661 
0  4A4JI 

13 

o.a^2 

0.915 
0.966 
1.023 
1.092 
1.161 
1.210 
1.258 
1.326 
1.394 

0.4789 

2_ 

13 

0.48U8 

3 

14 

0.4821 

4 

15 

0.4883 

5 

16 

0.4856 

6 

17 

0.4868 

7 

0.552            0.4706 

18 

0.4909 

8 

0.615'          0.4603 
0.667  1         0.4764 

19 

0.4927 

9      

30 

0.4904 

10 

0.733           0.4725 
0. 798            0  47»4 

21 

0.4808 

11 

• 
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DEKP   WATERWAYS. 


Second  Group. — Face  of  the  weir,  on  the  upstream  ftide,  vertical  ar  nearly 

x>ertical — Continued. 

BAZIN'8  SERIES  NO.  140. 


Number  of  experiment. 

(1) 

7i -depth 
on  crest, 
in  feet. 

(2) 

0.191 
0.352 

o.:«8 

0.371 
0.4:i6 
0.487 
0.549 
0.604 
0.664 
0.719 
0.785 

m  =■  coeffi- 
cient of 
dlHchargre. 

(8) 

1 

0.4696 

2 

0.4666 

8 

0.46n 

4 

0.4«2I» 

5 .  .. 

0.4099 

6 

0.4666 

7 

0. 4747 

8 

0. 4761 

9 

0. 4783 

10 

0. 4792 

11 

0.4843 

1 

1  Numl)er  of  experiment. 

(1) 

h  ■•  depth    m  —  coeffi- 
of  crest,      cient  of 
in  feet     discharge. 

(3)        !         (8) 

II  13                 

0.837             0.4M3 

13::::::::::::::  ::: 

0.905 
0.961 
1.023 
1.060 
1.143 
1.195 
1.354 
1.316 
1.375 

0.48H9 

!  14   : ::::::.:::::: 

0.4861 

;  15 

0.4930 

16      

0.4905 

,  17 

0.4951 

18       

0.4990 

19 

0.4961 

30 

0.4978 

21 

0.5000 

BAZINS  SERIES  NO.  141. 


Number  of  experiment. 
(1) 

h  =  depth 
on  crest, 
in  feet. 

(2) 

m  «=  coefll- 
Tdent  of 
discharge. 

(8) 

0.:r771 

Number  of  experiment. 

•  1) 

h  -  depth 
on  crest, 
in  feet. 

(2) 

m  «-  coefii- 

cient  of 
discharge. 

(3) 

1      

0.214 
0.281 
0.365 
0.435 
0.489 
0.561 
0.624 
0.603 
0.758 
0.823 

11 

0.888 
0.966 
1.029 
1.113 
1.165 
1.337 
1.298 
1.369 
1.431 
1.468 

0.3960 

2 

0.38.54 
0.3831 
0.3790 
0.38:)6 

13 

0.3977 

3 

13 

0.3078 

4 

14 

0.3955 

5 

15 

0.3090 

6 

0.3846 
0.3057 
0.3883 
0..3901 
0.3033 

16 

0.3967 

7 

17 

0.4016 

8 

18  ::::::::::..:...:::::::: 

0.4016 

9 

,  19 

0.4047 

10  .  ^                        ... 

20         ...               

0.4051 

DKEl'    WATKKWAYS. 
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Second  Group.— i^acc?  of  the  uxir,  an  ilw  upst renin  .title,  vertical  or  nearly 

wrt  icnl — Oontinued, 


BAZIN'S  SERIES  NO.  142. 

±07%  / 


j  h  =  depth  '  in  —  cocttt-  '  k  =  depth 

Number  of  experiment. '  on  creHt,  I    cient  of    ;  NiimlMir«jf  exiH.»riin«Mit.     on  crest, 
in  feet.    '  di8fhHri<e.  i    in  feet. 

(1)  i2(  <a.  .1.  (2) 


1 

(t..ilN) 

2 

{).'.m 

3 

iX  447 

4 

Q.rm 

5 

tt 

0..W1 

7 

0.727 

8 

0.7J»5 

» 

0.801 

0. 3.^37 
0.*t»4 
0.:iT82 
0.  ifcViT. 

o.:{5m 

U.a572  . 

o..%:w 

iV.WA) 

(>.:W61  ; 


m  *»  coefli- 

cient  of 
discharge. 

f3) 


10 

0.fl34 
l.(¥r7 
1.070 
1.149 
1.323 
1.285 
1.3tt3 
1.4*) 

0.:3fiHl 

11 

0.3677 

12  

U.  3710 

W 

14 

0.3716 
0.3736 

15 

0.  :57:« 

16  

0. 3742 

17 

0.3752 

BAZIN-8  SERIES  NO.  148. 


■>  —A- 


Number  of  experiment. 

'1) 


1. 

?i. 

4. 

6. 
6. 

7. 
8, 
9 
10. 


h  =  depth   m     I'lK^iii  h  ^  depth    m  =  coefli- 

on  crest,      riputot  NuMil)«*r  of  exi)eriment.  ;  on  crest,  |    cient  of 
In  feet.     diMcharj^e.  ■    In  feet.    ;  diiK*har§re. 

'.'?.  ill  (2.)         '         (3. 


0.:J52  fiO.:WH6  11 

0.415  ;  0.3JK5  12 

0.462  I  (».4250  ,!  13 

0.513  0.4:JH6  14 

0.567  0.4515  .  15 

0.619  0.461 18  10 

0.675  0.4704  17 

0.735  t».4«(B  18 

<».77l  0.4«W  Hi 

i».K21  (L.TIW  20 


0.  H74 

0.92(» 

0.972 

1.022  I 

l.(J72 

1.131) 

1. 172 

1.227 

1.331 


0. 5i:i5 
0.  .52<IK 
0.528:J 
0.5321 
0. 54(H 
0.  Tt^Vi 
0. 54851 
0.5514 
60.5::SjO 
0.5229 


u  Nappo  adhering  and  attached  to  flat  crest. 
I  Napi>e  adhering,  but  detached  from  flat  crest. 
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DEEP    WATERWAYS. 


Second  Group. — Face  of  the  weir,  on  the  upstream  side,  vertical  or  nearly 

tvrftcri/— Continued. 

BAZIN'8  SERIES  NO.  144. 


0.33 


Number  of  experiment. 

U) 


1. 
^ 

8 
4 
5 
6. 

7. 
8. 
9 
10. 


h  =  depth  m  =  c(»efli- 

on  creet,  cient  of      Nnmlier  of  experiment, 

in  feet,  discharge. 

i2j       l3)  (1) 


0.358 

O.SHOH 

0.419 

0.8054 

0.476 

0.4081 

0..'>3» 

0.49)5 

0.592 

0.4256 

0.648 

0.4372 

0.700 

0.4433 

0.757 

0.4631 

0.810 

0.4688 

0.865 

0.4679 

;  11 
12 
13 
14 
15 
16 

!  18 
I  19 


m  ■■coeffi- 
cient of 
dischar^. 

(3) 


0.4714 
0.4777 
0.4774 
0.4750 
0.4766 
0.4760 
0.4784 
0.4782 
0.4811 


BAZIN'S  SERIES  NO.  145. 


Number  of  experiment. 

(1) 

h  -  depth 
oni^rest. 
in  feet. 

(2) 

1 

0.a59 

2 

0.424 

0.479 

0.547 

0.598 

0.  ii5rt 

0.720 

0.781 

0.835 

10 

0.902 

■  in  =  coeffi- 
cient of 
dim^harffe. 

(3. 

i         0.3765 

I        o.:«70 

I  0.3071 
0.4050 
0.4177 
0.4218 

I  0.4262 
0.4;j22 
0.4358 
0.4409 


.  Number  of  experiment. 

(1) 

h  -  depth 
on  crest, 
in  feet. 

(2) 

m  a  coeffi- 
cient of 
discharge. 

11 

0.962 
1.082 
1.087 
1.152 
1.210 
1.274 
1.334 
1.396 
1.467 

0.4400 

12 

0.4426 

'   13 

0.4461 

14 

0  4474 

15 

0  4605 

16 

0.4502 

17 

0  4515 

18 

0  4638 

1» 

0  4644 

i 

DEEP   WATERWAYS. 
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Second  Group. — Face  of  the  weir,  on  the  upstream  aidCf  vertical  or  nearly 

fiertical—Con  tinned . 


BAZIN'S  SERIES  NO.  146. 


0.33 


Number  of  experiment. 

(1) 

h  -*  depth 

on  crest. 

in  feet. 

(2) 

m  = 
dl* 

1 

2    

0.367 
0.437 

3 

0.492  1 

4 

0.567 

5 

0.621 

• 

0.695  , 

7 

0.749 

8 

0.817 

9 

0.883 

10 

0.851 

coeffi- 
mtof 
harge. 

(3) 

Number  of  experiment. 

(1) 

h  -  depth 

on  crest. 

in  feet. 

(2) 

tit  =  ci^etfl- 

cient  of 

discharge. 

(3) 

0.36:)2 

111 

1.012 
1.085 
1.141 
1.213 
1.272 
1.344 
1.406 
1.478 
1.582 

0.4080 

0.3698 
0.3837 
0.3804 
0.3923 
0.3885 

;  12 

0.4072 

'  13 

0.4119 

14 

0.4124 

1 15 ::::::::::::::::::::::: 

0.4153 

J  16 

0.4168 

0.3087 

17 

0.4190 

0.3988 

18 

0.4211 

0.4021 

19 

0.4238 

0. 4(K4 

BAZIN'S  SERIES  NO.  U7. 

or66 


Number  of  experiment. 

U) 

fc=depth 
on  crest, 
in  feet. 

(2) 

0.231 
0.308 
0.373 
0.438 
0..508 
0.568 
0.6:^ 
0.681 
0.r34 
0.797 
0.845 

w=coeffi- 

cient  of 

discharge. 

(3) 

0.3429 
0.35=VJ 
0.aT6K 
0.3698 
0.3759 
0.3907 
0.3999 
0.4045 
0. 4170 

i  Numl)er  of  experiment. 

1           '" 

A=»depth 
on  crest, 
in  feet. 

(2) 

w= coeffi- 
cient of 
discharge. 

(3) 

1      

12         .         .       . 

0.888 
0.953 

0.4409 

2 

13 

(1  UKi 

3 

;  14     

1.015  '           0.4535 

4 

15 

1.063             0.4580 

5 

16                       .     . 

1.115             n  iHR3 

6.   

17 

1.165 
1.217 
1.265 

0.4728 

7        

18                             .  .. 

0  4775 

8 

19 

0  4M1R 

9  

20 

1.333             0.4854 

10 

0.4238 
0.4289 

21 

1.384              0.4962 

11 
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DEEP    WATERWAYS. 


Second  Group. — Face  of  the  wt'ir.  on  the  upMream  side,  vertical  or  nearly 

vertical — Continued. 

BAZIN'S  SERIE8  NO.  149. 

0/66 


i  A— depth  m=roeffl- 

Number  of  experiment,     on  crest,  dent  of 

I    In  feet,  discharge. 

(1)         I    (2)       .3. 


I 


1 

0.348 

2 

0.317 

3 

0.390 

4 

0.455 

5 

0.521 

6 

0.585 

7  

0.053 

8 

0.705 

9 

0.7atf 

10 

0. 818 

11 

0.882 

0.31.58 
0.3217 
0.3:J22 
0.3410 
0.3513 

o.mr: 

0.3705 
0.3740 
0.3841 
0.3R46 
0.4090 


h  —depth  m  ^tnyefA- 
Number  of  experiment.  !  on  crest,      cient  of 

in  feet,  dii^charge. 

(1)         '    l2)       (3. 


12 
13 
14 
15 
16 
17 
18 
19 
30 
21 


0.JH2 
0.999 
1.051 
1.108 
1.165 
1.3(19 
1.381  , 

l.:«) 

1.385 
1.446  , 


0.4119 
0.4193 
0.4231 
0. 43(M 
0.4353 
0.4396 
0.4447 
0.4492 
0.4527 
0.4580 


BAZIN'S  SERIES  NO.  ISa 

0.66 


Number  of  experiment. 

(1) 

fc= depth 
oa  crest, 
in  feet. 

t2) 

0.248 
0.:B3 
0.371* 
0.459 
0.512 
0.586 
0.«B7 
0.698 
0. 751 
0.814 
0.869 

wi= coeffi- 
cient of 
discharge. 
(3) 

o.3i:):i 

O.JC97 
0.3466 
O..T)15 

0.3692 

o.;*«2 

0.:«92 
0.3967 
0.4063 
C.4127 

Numbe 
12 

rof  exijeriment. 
(1.) 

A— depth 
on  crest, 
in  feet. 

(2) 

m«cx)effi- 

cient  of 

discharge. 

l3) 

(1  iAtl 

1 

0.928 

2 

13 

0.982  ,            0  4261 

3 

14 

lJH3  1            0.4328 

4 

.  15 

1.0H5              0  4381 

5 

16 

1.152  i           0.44;)9 

6        

17.       .. 

1.215  i           0  4468 

7 

18 

1.259  1           0.4529 

8     

19 

1.315  1           0  4f».'« 

9 

30 

1.323 

i.m) 

1.439 

0. 4555 

10        

21 

0.4596 

U                                 .    - 

22 

0  4045 

DEEP   WATERWAYS. 
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Second  Qboup. — F(ice  of  the  weir,  on  the  upstream  side,  vertical  or  nearly 

vertical — Continued . 

BAZIN  S  SERIES  NO.  15L 


Number  of  experiment. 

(1) 

fc«-deptti 
on  crest, 
in  feet. 

(2) 

m=coeffl- 

cient  of 

discharge. 

(3)*" 

Number  of  experiment. 

(1) 

/»»depth 
on  crest, 
in  feet 

(2) 

m=coefll- 

cient  of 

discharge. 

(8; 

1                  

0.201 
0.240 
0.307 
0.391 
0.445 
0.514 
0.537 
0.673 
0.643 
0.685 
0.766 
0.800 
0.836 

0.3373 
O.aiOB 
0.3476 
O.MTS 
0.3641 
0.3679 
0.3720 
0.3807 
0.3859 
0.3990 
0.4047 
0.4120 
0.4131 

1  U          -           

0.867 
0.921 
0.975 
1.027 
1.090 
1.112 
1.140 
1.209 
1.248 
1.314 
1.362 
1.416 

0  4191 

2 

'  15 

0.4226 

3  .             

16 

0  4311 

4 

1  17 

0.4373 

5 

18 

0.4395 

6 

19 

0.4459 

7 

20 

0.4493 

8 

21 

0.4499 

9        

22..  . 

0  4546 

10 

23.... 

0.4587 

11 

24 

0.4620 

12 

25 

0.4669 

13 



BAZIN'S  SERIES  NO.  153. 


Number  of  experiment. 

(1) 


!  A  »  depth 

I  on  crest, 

in  feet. 

(2) 


ms=coeffl- 

cient  of 

discbarge. 

(3) 


'  Number  of  experiment. 


1 

0.237 

o.aa 

0.872 

o.sr^ 

0.440 
0.505 
0.576 
0.637 
0.696 
0.701 
0.7m 
0.762 
0.814 

0.3408 

2 

0.3458 

3 

0. 3476 

4 

(liihUi 

5 

0.:itll3 

6....X 

0.3649 

7 

0. 3747 

8 

0.3827 

9 

0.38ti6 

10 

0.3863 

11 

0.3930 

12 

0.3940 

13 

0.3906 

/t=!  depth 
on  crest. 


m= coeffi- 
cient of 


(1) 

in  feet. 

(2) 

discharge. 

(3) 

u 

0.879 
0.937 
0.993 
1.001 
1.055 
1.102 
1.170 
1.226 
1.290 
1.289 
1.347 
1.404 
1.436 

0.4057 

15 

0.4107 

16       

6.4171 

17 

0. 41.59 

18 

0.4237 

19 

0.4253 

20 

0. 4318 

21 

0.4:>41 

22 

0.4379 

23 

0.4392 

24...... 

25 

0.4408 
0.4463 

26 

0.4466 

H.  Doc.  149- 


-40 
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DEEP  WATERWAYS. 


Second  Group. — Face  of  the  weir,  on  theiipstream  ttide,  vertical  or  nearly 

vertical — Continned. 

BAZIN'S  SERIES  NO.  154. 


Number  of  experiment. 

(1) 

;i=deptU 
on  crest, 
in  feet. 

(2) 

m>=  coeffi- 
cient of 
diBcharsre. 

(3) 

1 

0.3370 

0.3421  1 

0.3621 

0.8564 

0.3677 

0.3701 

0.3787 

Number  of  experiment. 

(1) 

/i-d«pth 

on  crest, 

in  feet. 

(3) 

m^coeffi- 

cient  of 

discharge. 

(3) 

1          

0.236 
0.308 
0.373 
0.447 
0.508 
0.577 
0.643 
0.706 
0.760 
0.823 

11 .    .  . 

0.888 
0.946 
1.011 
1.075 
1.138 
1.195 
1.250 
1.310 
1.370 
1.430 

0  3095 

2 

12 

0.4043 

3       

18         

0.4065 

4 

14 

0.4123 

5 

is:::: ......:::::::  :::: 

0.4186 

6 

16.. 

17 

0.4204 

0.4245 

8         

opp 

18 

0  4282 

9 

19 

0.4298 

10 

20 

0.4334 

BAZIN'S  SERIES  NO.  15a 


Number  of  experiment. 

(1) 

;>= depth 

on  crest. 

in  feet. 

(2) 

m:=  coeffi- 
cient of    l|  Number  of  experiment, 
discharge.  ; 

(3)         '!                      (1) 

/ir=  depth 

on  crest, 

in  feet. 

(3) 

m=r  coeffi- 
cient of 
discharge. 

(3) 

I 

0.245 
0.311 
0.382 
0.446 
0.508 
0.576 
0.638 
0.703 
0.764 
0.834 

0.3441 
0.3488 
0.a=>44 
0.3611 
0.3624 
0.3675 
0.3758 
0.3821 
0.3860 
0.3897 

11    

0.888 
0.956 
1.018 
1.073 
1.138 
1.203 
1.269 
1.340 
1.394 
1.457 

0.8958 

2 

12 

0.4085 

3 

13 

0.40ei 

4 

14 

0.4119 

5 

15 

0.4108 

8 

16 

0.4126 

17 

0.4161 

8 

18 

0.4194 

9 

19 

0.4195 

10 

20 

0.4227 

DEEP   WATERWAYS. 
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Second  Group. — Face  of  the  weir,  on  the  upstream  aide^  vertical  or  nearly 

vertical — Continned. 

BAZIN'S  SERIES  NO.  157. 


I//3/1 


Number  of  exjieriment. 

(1) 


/i= depth 

on  crest, 

in  feet. 

(2) 


1 

0.241  ' 

2 

o.jei 

0.906 
0.475 
0.547 
0.024 
0.686 
0.76S 
0.8S8 
0.886 

3 

4 

5 

tf 

8 

9 

10 

m   -coefll- 

cient  of    1,  Number  of  exi)eriment. 
dischar^. 

(8)  (1) 


0. 

0.3338 

0.3280 

0.3288 

0.3288 

0.3317 

0.3371 

0.340B 

0.3470 

0.3188 


!■ 


11 
12 
13 
14 
15 
16 
17 
18 
18 


/i= depth 
on  crest, 
in  feet, 

(2) 


m=coeffl* 

cient  of 

discharge. 

(3) 


0.857 
1.090 
1.098 
1.156 
1.216 
1.277 
1.337 
1.884 
1.456 
1.474 


0.8574 
0.3581 
0.3665 
0.3686 
0.3765 
0.8801 
0.3855 
0.3888 
0.8860 
0.8880 


BAZIN'S  SERIES  NO.  158. 

//a/ 


Number  of  experiment. 

(1) 


1. 
2. 
3. 
4. 

5. 
6. 

7.. 
8.. 
8. 
10. 


A^depth  I  m=coeffl- 
on  crest.  I   cient  of 
in  feet,    idiscbarflrn. 

(2)  (3) 


I 


0.334 
0.313 
0.383 
0.457 
0.530 
0.600 
0.672 
0.738 
0.799 
0.860 


I 


0.3470  I 

0.3388 

0..'Ue3 

0.3479 

0.3489 


Number  of  experiment. 

a) 


0.a'>24  I  16 

0.a'i58  17 

0.3606  ,  18 

0.3633  I  19 

0.3082  '  30 


A-depth 

m^coeffl- 

on  crest, 

cient  of 

in  feet. 

discharge. 

(2) 

(3) 

0.090 

0.3744 

0.984 

0.3789 

1.055 

0.3866 

1.135 

0.3888 

1.179 

0.3823 

1.343 

o.msi 

1.297 

0.4035 

1.361 

0.4066 

1.412 

0.4113 

1.457 

0.4143 
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DEEP    WATERWAYS. 


Second  Geoup. — Face  of  the  t<rir,  on  the  upstrvam  side,  vertical  or  nearly 

vertical — Continiied. 


BAZIN*S  8ERIES  NO.  159. 
1:3/7 


Number  of  experiment. 
(1) 


1 

0.334 
0.304  , 
0.37» 
0.3S7  ' 
0.467 
0.61(i 
0.636  1 

o.rm  ' 

0.664  1 
0.670  i 
0.736 
0.7»7  ' 
0.861  1 

0.SS3 

3 

0..'U34 

8 

0.3516 

4 

0.3607 

5 

0.34$M 

6 

0.3630 

7::::::::::::::::::;:::::: 

0.3644 

8 

0.351!) 

9 

0.3571 

10 

0.3537 

11 

0.86i41  j 

13 

0.3H63  ! 

18 

0.3737 

A— depth     m=coeflfl- 

on  cre«t,   1   cient  of     Ntiml)or  of  exi)oriment.  ■  on  crest, 
in  feet,     dischartre.  I    in  feet. 

(3»  <3)  (1)  (3) 


14. 

15. 

16. 

17. 

18. 

19. 

30. 

31. 

33 

33." 

34. 

35. 

3ft. 


A^depth     m— coeffi- 
cient of 
dischar^. 

(3) 


0.876 

0.8666 

0.935 

0.3664 

0.994 

0.3761 

1.068 

0.3777 

1.136 

0.3869 

1.145 

0.8798 

1.198 

0.3839 

1.361 

0.3878 

i.;«o 

0.3935 

1.383 

0.3906 

1.889 

0.3913 

1.446 

0.3978 

1.466 

0.3977 

BAZniS  SEEIE8  NO.  100. 


Number  of  experiment. 

a) 


1. 

3 
3 
4. 

6 
6 

7. 
8. 


h  =■  depth    »»  =  cf)effi-  h  =  depth 

on  cre8t,       cient  of  Niiml^er  of  oxperiraont.  ,  on  crest, 
in  feet.    '  dlHchurtjre.  in  feet. 

l3>  (3)  -  a.'  f2.> 


0.451 
0.5£I 
0.593 
0.663 
0.735 
0.798 
0.863 
0.930 


0.3505 
0.a513 
0.a>41 

0.:«9H 
0.3629  i 
0.:ilMl 
0.3701 


0.998 
1.074 
1.129 
1.193 
1.354 

i.:e6 

1.389 
1.457 


m  =■  coeffi- 
cient of 
diachar^. 

(3» 


«).3731 
0.3773 
0.3784 
0.3818 
0.3843 
0.3868 
0.3919 
0.3937 


DEKP    WATERWAYS. 
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Third  Group, — Slope  of  weir  face  both,  almve  and  Moir,  in  neither  case  exceeding 

4J)^  from  the  horizontal. 

BAZIN'S  SERIES  Na  161. 


h  ■■  depth  m  =»  coeffl- 

Namber  of  experiment,    on  crest,  i   rient  of 

in  feet.  |  diBcbarire. 

(I)                              (2)  (3) 


1 

2 

3 

4 

5 

6 

7 

8 ; 

9 1 

10 ; 

11 

12 

13 1 

I 


0.298 
0.354 
0.413 
0.472 
0.529 
0.581 
C.639 
0.003 
0.75l> 
0.8U3 
0.8H4 
0.919 
0.900 


^13  I 


i  h  >■  depth  ;  m  »  ooeffi- 
Xumlter  of  exiieriment.  I  on  crest,  i    dent  of 
in  feet,     discharge. 

(l*  I         (2)         j         (3) 


I 


0.992 

0.5359 

1.019 

0.5374 

1.056 

0.5340 

l.(J«8 

0.5323 

1.118 

0.5282 

1.157 

0.5196 

1.1*<7 

0.5188 

1.235 

0.5139 

1.263 

0.5102 

1.289 

0.5118 

1.326 

0.5087 

1.359 

0.5086 

BAZIN'S  8KRIES  NO.  WS. 


/( »depth 

Number  of  experiment,    on  crest. 

in  feet. 

(1)  (2» 


m  saooeffi- 

cieut  of 

diHcharflre. 

(3) 


Number  of  experiment. 


h  adeptb  m  vcoeffl- 

on  crest,  cient  of 

in  feet,  discbarge. 

(2»  (3) 


1 

2 

o..'»2 
0.3HO 
0.413 
0.472 
0.529 
0.58H 
0.644 
0.697 
0.755 
0.810 

O..T2rt2 
0..'i2« 
0.5:»7 
0.5228 
0. 524« 
0.5250 
0.52:« 
0.5228 
0.5253 
0.5280 

11, 

12*. 

13 

14 

0.866 
0.923 
0.9K2  1 

1.099  1 
1.163  1 
1.235 
1.21»7 
1.350  i 

1 

0.5310 
0. 5306 

3 

4 

0.5305 
0.5301 

5 

15 

0.5287 

6 

16          

0.5241 

17 

18 

0.5187 

8 

0.5164 

9 

19 

0.5137 

10 
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Third  Group.— 5topc  of  weir  face  both  alhive  andlH'loWy  in  neither  case  exceeding 
45''  from  the  horizontal — Continned. 

BAZIN'S  SERIES  NO.  ItB. 


Nnmber  of  experiment. 

CD 


1 

o 
3 
4 

5 
6 
7 
8. 
9 

10, 
11 


/i= depth 

on  <'re8t, 

in  feot. 

C2) 


0.184 
0.344 
0.3(3 
0.366 
0.423 
0.486 
0.536 
0..-)93 
0.65:) 
0.708 
0.769 


m— coeffi- 
cient of 
(liscbarfiTo. 

(3) 


0.4746 
0.4781 
0.4786 
0.4776 
0.4779 
0. 4759 
0.4816 
0.4917 
0.4880 
0.4998 
0.4966 


Xumljer  of  exxMrimeut. 

U) 

/i -depth 
on  crest, 
in  feet. 

(2^ 

wi  <=cooffi- 

cient  of 

diachargre. 

<3) 

12 

0.827 
0.882 
0.949 
0.998 
1.056 
1.114 
1.171 
1.331 
1.285 
1.339 

0.5017 

]:j     

0.5006 

14 

0. 5088 

16       

0.5062 

16 

0.5060 

17        

0.;K)52 

18 

0.5071 

19         

0.5076 

31) 

0. 5129 

21             

0.-5199 

BAZIN'8  SERIES  NO.  164. 


/»  — depth  m^coeffl- 

Nnmber  of  exx)oriment.  I  on  crest,  cient  of      Numlwr  of  experiment. 

:    in  feet,  discharge. 

(1)                  ;       (2)  (.3)        '                  (1) 


h  =  dei)th  m  ~  coefll- 

on  creHt,  ci«Mit  of 

in  feet.  diKcharge. 

(2)  (3) 


1   

0.244 
0.3U5 
0.367 
0.425 
0.-182 

o.5;» 

0.592 
0.tV51 
0. 7(« 
0.766 

0  4811      11      

0.817 
0.877 
0.9:^9 
0.993 
1.052 
1.115 
l.lt!2 
1.219 
1.277 

1.3:^ 

0.  .5021 

2 

0.4861      12 

(1.5(46 

3 

0.4821    ;  13 

0.5(170 

4 

0.4867   114 

0.5111 

5 

0.4828      15 

(J.  5093 

6 

0.4826   '  16 

0.5136 

7 

0.4913      17  

0.5151 

8-       .                     .     . 

0.4915   1  18 

0.51?2 

9 

0.4948   1  19 

0.53lt5 

10 

0.4990      20 

0.5317 

DEEP    WATKRWAY8. 
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Third  Group, — Slojye  of  weir  f ewe  botli  ahirvf  ami  Mozi\  in  neither  cdse  exeeeditig 
4.5'  from  the  horizontal — Continued. 


BAZIN'S  SERIES  NO.  Id5. 


Number  of  experiment. 

CD 


1. 

Z. 
4. 

5. 
6. 

7. 
8. 
9. 
10. 


h  "■  depth    wi  =  coefli- . . 

on  crest,  I    cientof   |  Nuin>>or  of  exi>eriuient. 
in  feet,      discharge. 

i2)  (3»  (1) 


0.337 

0.401 

0.4«4 

0.528 

0.593 

0.0545  , 

0.?J0 

0.783  I 

0.843 

0.904  I 


h  =  depth   m  =  coeffl- 
on  crest,  I    cient  of 
in  feet,      discharge. 

(2)  (3) 


0.44:35  11 

0.4447  12 

0.4443  13 

0.4433  14 

0.4413  15 
0.4422  I  10 

0.4422  17 

0.4433  18 

0.44«1  19 
0.4500 


0.909 
1.029 
1.090 
1.153 
1.217 
1.279 
1.341 
1.401 
1.448 


0.4528 
0.4531 
0.45a8 
0.4553 
0.45(0 
0.4584 
0.4583 
0.4601 
0.4648 


BAZIN'S  SERIES,  NO.  100. 


_.,       ,         .            ,               /i  ■=»  depth  WI  —  c<wffl- 

Number  of  experiment,    on  crest,  cient  of 

'    in  feet,  dim'harge. 

(1)                                (2)  (3) 


Xiinil)er  of  exp>eriuient. 

(1) 


/i  =  depth   ma-coeffi- 
on  crest,  .    cient  of 
in  feet,      discharge. 

(2)  (3) 


1 

0.330 

o.a«3 

0. 455 

0.51K 

0.575 

0.638  ; 

0.099  ' 

0.701 

0.821 

0. 450:^ 
0. 4548 

o.45:w 

0.4538 
0.4579 
0.4579 
0.458:J 
n.4590 
0.4025 

10 

0.88(1 
0.947 
1.O08 
1.000 
1.127 
1.187 
1.247 
1.308  . 
1.872  i 
1 

0.4603 

0 

11 

0.4077 

3 

12 

0.4081 

4 

13 

0.4099 

5 

14 

0  4714 

6 

15 

0.4?23 

16 

0.4?31 

8 

17 

0. 4740 

9 

18 

0.4748 
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Third  Group. — Slope  of  toeirface  both  above  aud  below,  in  neither  case  exceeding 
45"  from  ths  horizontal — Ck>n tinned. 

BAZIN  S  SERIES,  NO.  167. 

a36 


Number  of  experiment. 
(1) 

A -depth 
on  creHt, 
in  feet 

(2) 

m  =-  coeffi- 
cient of 
dischartre. 

(3)         ! 

Number  of  experiment. 

h  «  depth  1  m  »  coeffl- 
on  crest,  i    cient  of 
in  feet,      discharsre. 

(2)                 (3) 

1 

0.341 
0.308 
0.463 
0.509 
C.565 
0.616 

o.6n 

0.726 
0.781 
0.828 

0.4087  1 

0.4266 

0.4367 

0.4541  1 

0.4677 

0.4679 

0.4753 

0.4823 

0.4917 

0.4»75 

11 

0.885  '          n  .(tfuA 

2 

12 

0.930 
0.987 
1.044 
1.084 
1.142 
1.193 
1.245 
1.804 
1.364 

0  .5127 

3 

13 

0.5176 

4  

14        

0.5213 

5 

15 

0.5203 

6 

16 

0.6319 

7 

17 

0.5349 

8 

18 

0.5396 

9 

19 

0.5431 

10 

20 

0.5437 

BAZIN'8  SERIES,  NO.  168. 


Number  of  exiwriment. 
(1) 

A -depth 
on  crest, 
in  feet. 

(2) 

m  »  coeffi- 
cient of 
discbarge. 

(3) 

;  Number  of  experiment. 

(1) 

A -depth 
on  crest, 
in  feet. 

l2) 

m=  coeffi- 
cient of 
discharge. 

(>.4jn5 

1 

0.331 
0.302 
0.444 
0.603 
0.660 
0.619 
0.660 
0.732 
0.788 
0.839 

0.4137 
0.4286 
0.4435 
0.4605 
0.4592 
0.4648 
0.4733 
0.4740 
0.4801 
0.4877 

11 

0.898 

2 

13       

0.954 
1.009 
1.(60 
1.117 
1.168 
1.220 
1.275 
1.338 
1.386 

0.4049 

3 

13 

0.4999 

4 

14 

O..J058 

6 

15 

0..5080 

6 

1ft 

0.5123 

17 

0..5189 

8 

18 

19 

0.5180 

9 

0.5206 

10 

20 

0.62S2 

1 

DEEP   WATERWAYS. 
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Third  Qroup. — Slope  of  toeir  face  both  above  and  below,  in  neither  case  exceeding 
4S°  from  the  horizontal — Continned. 

BAZIN'S  SERIES,  NO.  17a 


Number  of  experiment. 

(1) 

;i  a  depth 
on  crest, 
in  feet. 

(2) 

m  ta  coefli- 

dent  of 

discharge. 

(3) 

'  Number  of  experiment. 

(1) 

^-- depth 
on  crest, 
in  feet. 

(2) 

m-acoeffi* 

cient  of 

discharge. 

(8) 

1 

0.361 
0.411 
0.468 
0.629 
0.686 
0.642 
0.701 
0  763 

0. 4184 
0.4300 
0.4364 
0.4488 
0.4488 
0.4576 
0.4632 
0.4689 

9       

0.811 
0.871 
0.926 
0.961 
1.009 
1.060 
1.115 
1.174 

0.4758 

2 

10 

0.4796 

3 

11 :::::..::::.::.:.:..:... 

0.4S24 

4 

12 

0.4895 

5 

13 

0.4928 

6 

14 

0.4948 

7 

15 

0.4987 

8 

16 

0.6027 

BAZIN'S  SERIES.  NO.  172. 


Number  of  experiment. 

(1) 

h  =  deptn 
on  crest, 
in  feet. 

(2; 

m  =a  coeffi- 
cient of 
discharge. 

(3) 

Number  of  experiment. 

(1) 

;i- depth 
oh  crest, 
in  feet. 

(2) 

0.962 
1.026 
1.066 
1.152 
1.204 
1.267 
1.325 
1.877 
1.449 

m  —  coeffi- 
cient of 
discharge. 

(3) 

1 

0.;i56 
0.419 
0.482 
0.539 
0.602 
0.661 
0.722 
0.779 
0.838 
0.906 

0.3872 
0.4025 

11 

0.4436 

2 

,  12 

0.4460 

8                     

0.4039 

'  13 

0.4482 

4.  ,,..' 

0.4143 
0.4175 
0.4223 
0.4255 
0.4333 
0.4368 
0.4414 

14 

0.4499 

5                     

16 

0.4558 

6 

16 

0.4686 

7 

17 

0.4607 

8  

18 

0.4670 

9      .    .            

19 

0.4646 

10 
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Third  Group. — Slope  of  w^irfaee  both  abmr.  and  l>€lou\  in  neither  case  exceeding 
y>'  front  the  horizontal — Continned. 


BAZINS  SERIES,  NO.  173. 


0.33 


Nnmber  of  experiment. 

U) 

1 

2 

o 

4!'lI]""ll*Ij;i'"l!JJ!I! 

5 

6 

9 

10 


h  ----  ilopth 
on  crest, 
in  feet. 


0.SM6 
0.410 
0.471 
0.532 
0.5{H 

0f7l4 
0^60 
0]%34 
0.882 


Hi  '■■'  coeffi- 
cient of 
discharge.  '■ 

(3; 


Number  of  experiment. 

(1.) 


h  =  depth  !  m  «  coeffl- 
on  crest,  i    cient  of 
in  feet.    ;  discharge. 

^2)  (3) 


0.3062  11 

0.4090  12 

I  0.415e  13 

I         0.41/V5  14 

0.4ffl3  15 

I         0.4233  16 

I         0.4:519  37 

0.43«;r,  18 

0.439K  19 

0.4438 


1O.U6O 
1.021 
1.074 
1.187 
1.196 
1.280 
1.815 
1.875 
1.386 


0.4447 
0.4480 
0.4538 
0.4555 
0.4572 
a  4610 
0.4619 
0.4662 
0.464S 


I 


BAZIN'S  SERIES,  NO.  175. 


Number  of  experiment. 

U) 

h  =»  depth 

in  feet. 

l2) 

0.360 
0.421 
0.4«7 
0.54« 
0.608 
0.667 
0.726 
0.782 
0.837 
0.894 

wi  =  coeffl- 

crient  of 
discharge. 

1 

2 

3 

4 

5      

0.3950 
0.4061 
0.4054 
0.4110 
0.4220 

6 

0. 4281 

0  4:^57 

8 

0.4396 

9 

0.44^ 

10 

0.4554 

Number  of  exjieriment. 


11  - 
12. 
13. 
14. 
15. 
16  . 
17. 
18. 
19. 


il> 


h  =  depth 

m  =  coeffi- 

on crest, 

cient  of 

in  feet. 

discharge. 

(2) 

(3) 

0.949 

0.4607 

1.007 

0.4649 

1.061 

0.4710 

i.m 

0.4747 

1.174 

0.4790 

1.230 

0.4811 

1.287 

0.4845 

1.347 

0.4869 

1.387 

e.4908 

DEEP   WATERWAYS. 
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Thikd  Group. — Slope  of  iveirfac4?both  alnyve  and  below ^  in  neiUier  case  exceeding 
y>''  from  the  horizontal — Continued. 


BAZIN'8  SERIES,  NU.  17tt. 


I  h  "  depth  Ml  —  coeffl- 

Knmber  of  experiment.  I  on  crest,  cient  of 

;    in  feet.  diiM^harf^e. 

(1)  !        r*)  (3) 


1 

0.287 

2 

0.2(M 

3 

u.im  1 

4 

0.430  ' 

5 

0.494 

rt 

0.5(W>  ! 

O.tflH  ' 

8 

0.a82 

9 

0.733  1 

10 

0.797 

11 

0.M«1  1 

1 

o.aid9 
o.;tti3 

0.3084 
0.3795 
0.3H07 
0.3977 
0.40S1 
0.41(H 
0.4175 
0.4251 


Number  ot  experiment. 

(I) 


h  =  depth  I  m  «  ooeffi- 
on  crest,       cient  of 
in  feet.      diflcharare. 

(3)  (3) 


0.910 

0.4296 

0.974 

0.4;}76 

l.rj27 

0.4409 

1.II8K 

0.4419 

1.139 

0.4518 

1.19H 

0.4547 

1.248 

0.4586 

1.310 

0.4652 

1.356 

0.4676 

1.420 

0.4727 

BAZIN'S  SERIES  NO.  1? 


h  =  depth  ;  »u  =  coefll-                                                h  =*  depth 
Number  of  experiment,     on  croHt,  |   cient  of      Number  of  experiment. ;   on  crest, 
in  feet.     ,  diachar^.                                               l    in  feet. 

(1)                               (2)         1         (3)                                (1)                       1         (2) 

w  =  ooeffl- 
cient  of 
diacharge. 

(3) 

1 

2 

! 
0.367           o.;»63  ;  11 

0.965 
1.019 

0.4562 

0.433            0.3S72      12      

0  44121 

3 

0.497            0.3J)93   ,13 

1.077             0.4658 

4 

0.556            0.4050   i  14 

1.129             0.4716 

5         

0  617            0  4127   '15                       ... 

1  184             0.4753 

6 

0.680            0.4180      16 

1.343             0.4779 

0.739            0.4342      17 

1.296             0.4H40 

8 

0.794  1         0.4309      18 

1.346             0.4867 

9 

0.860  1         0.4389      19 

1.386             0.4934 

10 

0.906  .         0.4482   j 
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Third  Group. — Slope  of  teeirface  both  above  and  below,  in  neither  case  exceeding 
45"  from  the  /iam>oM fa/— Continued. 


BAZIN'8  SERIES  NO.  178. 


► 

SXVVV 

1 

0.66 

^ 
~^^ 

^^ 

Number  of  experiment. 

(1) 

h  a  depth 
on  crest, 
in  feet. 

(2) 

m  -icoem-' 

cient  of 

discharge. 

(3) 

Number  of  ex 

(1) 

periment. 

A -depth 
on  crest, 
in  feet. 

(2) 

m— coeffi- 
cient of 
discharge. 

(8) 

1 

0.222 
0.299 
0.867 
0.431 
0.491 
0.S56 
0.614 
0.609 
0.782 
0.789 
0.847 

0.3fi22  j 

0.8873  I 

0.8686 

0.8887 

0.8907 

0.3981 

0.4038 

0.4088 

0.4147 

0.4190 

0.4271 

12 

0.906 
0.966 
1.0ES8 
1.083 
1.142 
1.196 
1.259 
1.314 
1.366 
1.424 

0.4815 

2 

13 

0.4379 

3 

14 

0.4398 

4 

15 

0.4467 

5 

16 

0.4493 

6 

17 

0.4540 

7 

18 

0.4567 

8 

19 

0.4600 

9 

20 

0.4638 

10 

21 

0.4070 

11 



BAZIN-S  SEBIE8  NO.  17>. 


0.66 


Number  of  experiment. 
(1) 

/isdepth 
on  crest, 
in  feet. 

(2) 

ma»  coeffi- 
cient of 
discbarge. 

(3) 

Number  of  experiment. 

il; 

;i«depth 
on  crest, 
in  feet. 

(2) 

maooeffi- 

cient  of 

discharge. 

(3) 

1 

0.364 
0.431 
0.490 
0.558 
0.614 
0.674 
0.732 
0.790 
0.851 
0.908 

0.3930  1 
0.3997 
0.4054 
0.4091 

1  11     

0.968 
1.028 
1.078 
1.13* 
1.190 
1.247 
1.298 
1.357 
1.406 

0.4636 

2 

12  ::::::::::::::::::::::: 

0.4588 

3 

13 

0.4641 

4 

1  14 

0.465d 

5 

pppppp 

15 

0.4703 

6 

16 

0.4740 

17 

0.4796 

8 

18 

19 

0.4840 

9 

0.4884 

10 
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Thibd  Group. — Slope  of  weir  face  both  above  and  below,  in  neither  case  exceeding 
45°  from  the  horizontal — Continued. 

BAZIN'S  SERIES  NO.  181. 

V  0.66 


Number  of  experiment. 
(1) 

;i-depth 
on  crest, 
in  feet. 

(2) 

ma-coeffi- 

cient  of 

discharge. 

(3) 

.  Number  of  experiment. 

(1) 

;i=depth 
on  orest, 
iu  feet. 

{2) 

ma-coeffl- 

cient  of 

disohargre. 

(8) 

1 

0.210 
0.290 
0.356 
0.423 
0.486 
0.551 
0.621 
0.677 
0.743 
0.797 
0.861 

0.3780 
0.3858 
0.3863 
0.3000 
0.3998 
0.3970 
0.4030 
0.4092 
0.4105 
0.4158 
0.4210 

12 

0.920 
0.083 
1.044 
1.111 
1.159 
1.228 
1.278 
1.312 
1.406 
1.468 

0  4267 

2 

13         

0  4811 

8 

14 

0.4345 

15 

0  4304 

16 

0.4413 

17 

0.4447 

18 

0.4484 

19 

0.4518 

20 

0.4534 

10 

21 

0.4578 

U 

Fourth  Group.— 27i€  two  faces  of  the  weir  united  by  a  curved  surface  at  the  crest, 

BAZIN'S  SERIES  NO.  182. 


riad.  0./6  '^  I I 


Number  of  experiment. 
(1) 

/isdepth 
on  crest, 
in  feet. 

(2) 

rns-coeffl- 
cient  of 

■  Number  of  experiment. 

A«depth 
on  crest, 
in  feet 

(3) 

ma-coeffi- 
cient of 
discharge. 

(3) 

1 

0.280 
0.403 
0.526 
0.641 
0.761 
0.867 

0.3927 
0.4012 
0.4150 
0.4309 
0.4448 
0.4584 

7 

0.089 
1.091 
1.210 
1.820 
1.418 

0.4654 

2 

8 

9 

0.4749 

8 

0.4821 

4 

10 

0.4870 

5 

11 

0.4966 

6 
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Fourth  Group.— 77w  itnt  faces  of  the  weir  united  by  a  curx^ed  surface  at  the 

crest — Continned. 

BAZIN'A  SERIES  NO.  188. 


Kumher  of  experiment. 

(1) 

/i=depth 

on  crest, 

in  feet. 

(2^ 

0.280 

o.ias 

0.563 
0.687 
0.89» 
0.968 

m=a«coefll-  I  /■= depth  '  m=»coeffl- 

cientof  Number  of  exi)eriment.    on  crest,  I   cient  of 

discharge.  .-,.                       in  feet.  ;  discharge. 

(3)  '**                               (2)  .         (3) 


0.3758 

- 

1.080 

0.4120 

0.8835 

8 

i.aoi 

0.4198 

0.383B 

9 

i.ae» 

0.4274 

0.3025 

10 

1.481 

0.4368 

0.3088 

11 

1.546 

0.443S 

0.4045 

iTlFTH  Group.— HVirw  with  t  lie  profile  of  the  crest  completely  curved, 
BAZIN'8  SERIES  NO.  180. 


j  /*  ==  depth   m  =  coefli- 
Nnmber  of  experiment. !  on  crest,  i   cient  of      Num}>er  of  experiment, 
in  feet.    I  dischai'ge. 

(1)  (2;  (3)  (1> 


h  =  depth   m  =>  coeffi- 
on  crest,      cient  of 
in  feet,      discharge. 


1 

a 

0.248 

0.300 

a  0.4605 
0.48:)4 

:{ 

0  dl^ 

0  4967 

4 

0.406 

0.5090 

5 

0  457 

0  5198 

5 

7 

H  

0.511 

0.557 

I           0.607 

0.5331 
0.5389 
0.5517 

» 

10 

1           0.655 

'           a706 

0.5563 
0.5085 

11          i           0.706 

/>  0.5624 

12 • 

13 ' 

14 

,    15 

1    16 

17 1 

18 

19 

.   3? 

I   21 


0. 756 

0.5664 

0.811 

0.5706 

0.864 

0.5608 

0.023 

0.567T 

0,070 

0.5681 

1.042 

0.5644 

1.007 

0.5612 

1.151 

0.5620 

1  227 

0.5550 

1.274 

0.5572 

a  Adhering  nappe. 


b  Nappe  wetted  underneath. 
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Fifth  Group, — Weirs  unth  the.  profile  of  the  crenf  completely  covered — CoutinuecL 

BAZIN'8  SERIES  XO.  193. 


oUq 


I  h  =  deptb    m  =  coeffl-  /( =  depth 

Number  of  experiment.  <  ou  crest,  j   cient  of      Number  of  experiment,     on  crest. 


(1) 


I    in  feet,     dischargre. 

I         (2)  (3) 


(1) 


in  feet. 

(S) 


m  =  coeffi- 
cient of 
discharge. 

(3) 


o.arti) 

0.317 
0.374 
0.iS9 
0.478 
0.534 
0.585 
0.034 
0.684 
0.738 

0.4354 
0.4498 

0.4831) 

0. 4718 

0.4891 

0.41^4 

0.5049 

8 

0.5106 

tf 

0.5:238 

10 

0.58B8 

11. 

!  12. 

1^: 

;  15. 
Id. 

17. 
18. 
19. 
30. 


0.780 
0.836 
0.886 
0.938 
0.979 
1.065 
1.093 
1.148 
1.301 
1.966 


0.5418 
0.5480 
0.5559 
0.5638 
0.5644 
0.5710 
0.5675 
0.5663 
0.5695 
0.5665 


DATA   USED  IN  WORKING  UP  ORIGINAL,  DISCHARGE  CURVES   ON  PLATES 
107  TO   126,    INCLUSIVE. 

On  plates  107  to  12G,  inclusive,  we  have  given  a  series  of  discharge 
curves  computed  for  the  several  dams  at  which  gaugings  have  been 
made.  As  will  be  noticed,  two  cui-A^es  are  shoT*^l  on  most  of  these 
plates.  The  full-line  curve  is  that  derived  from  Bazin's  work  applied 
with  the  best  judgment  that  could  be  brought  to  bear  upon  the  sub- 
ject, while  the  dotted-line  curve  represents  a  new  discharge  curve, 
determined  as  the  result  of  experiments  on  flows  over  various  weirs 
made  during  May  and  June  at  the  Cornell  University  Hydraulic 
Laboratory,  and  to  be  described  further  on.  The  following  embodies 
a  concise  statement  of  the  reasoning  uix)n  which  was  based  the  orig- 
inal full-line  discharge  curves,  as  determined  from  Bazin's  experi- 
ments and  as  shown  ou  plates  107  to  126,  inclusive,  together  with 
brief  explanations  as  to  the  revised  curves  shown  by  dotted  lines. 

In  the  chapter  on  Gauging  of  Streams  Tributary  to  Deep  Water- 
ways in  Central  and  Eastern  New  York  the  author  has  briefly  described 
each  gauging  station,  referring  therein  to  the  taking  of  profiles  and 
cross  sections  of  the  crests.  In  order  to  apply  Bazin's  coefficients, 
the  longitudinal  profiles  of  the  several  crests  were  plotted  at  a  large 
scale  and  each  crest  divided  into  a  series  of  approximately  level  sec- 
tions, as  shown  by  the  longitudinal  sections  on  x^lates  107  to  126. 

It  was  assumed  that  at  the  end  of  each  individual  section  the  con- 
ditions of  flow  would  be  the  same  as  though  the  end  of  the  section 
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were  the  end  of  a  dam  without  any  lateral  contraction.  In  order  to 
apply  Bazin's  coefficients,  curves  of  flow  over  a  single  foot  of  crest 
were  then  plotted,  as  illustrated  by  plates  129  and  130,  whereon  are 
given  discharge  curves  for  a  single  foot  of  crest  for  Bazin's  series  of 
experiments  Nos.  170  and  175. 

At  gauging  station  No.  1  (plate  107)  flashboards  of  2-inch  plank  1 
foot  in  height  are  used  during  most  of  the  year  for  a  portion  of  the 
crest.  AVTien  these  flashboards  are  in  place  the  flow  over  this  section 
of  dam  has  been  computed  by  Francis's  weir  formula.  The  situation 
at  this  station  is  somewhat  complicated  by  the  presence  of  the  old  dam 
just  back  of  the  new  dam,  as  shown  on  plate  107.  Taking  into  account 
the  water  cushion  between  the  two  crests,  it  was  considered  that 
Bazin's  series  No.  115  for  a  crest  0.56  feet  in  width  would  fairly  apply. 
The  discharge  curv^e  for  this  station,  as  given  on  plat^  107,  has  there- 
fore been  computed  on  this  basis.  These  discharge  curves  are  in 
every  case  for  full  length  of  dam,  ^and  for  the  stated  heads  from  0  to 
4  feet. 

The  Cornell  University  experiments  not  having  furnished  any  data 
applying  to  Baldwinsville  dam,  the  discharge  curve  has  been  left  as 
originally  drawn. 

At  gauging  station  No.  2  (plate  108)  the  front  of  the  dam  is  nearly 
vertical,  with  back  slopes  of  8  to  1  and  with  crest  slightly  rounded. 
Bazin's  section  making  nearest  approach  to  this  was  series  No.  117, 
which  was  recognized,  however,  as  being  only  an  approximation. 
Cornell  University  experiment  No.  3  has  furnished  the  data  for  work- 
ing out  a  new  discharge  curve  applying  more  closely  to  the  conditions 
of  this  dam  than  the  original.  It  is  believed  that  the  revised  curve 
gives  the  true  discharge  over  this  dam  within  a  small  per  cent.  At  a 
depth  of  2  feet  on  the  crest  the  discharge  bj'  the  fevised  curve  is  9.8 
per  cent  less  than  by  the  original  curve. 

At  gauging  station  No.  3  (plate  109)  sections  A  and  C  on  profile  of 
crest  are  over  the  tops  of  frames  holding  drop  boards  and  having  a 
cross  section  nearly  the  same  as  Bazin's  series  No.  113.  For  the  main 
part  of  the  dam  series  No.  130  has  been  used. 

On  referring  to  elevation  of  dam  on  plate  100  it  will  be  seen  that  at 
the  right-hand  side  there  are  several  openings  in  the  bulkhead  when 
the  drop  boards  are  set  down  to  the  level  of  the  crest  of  the  dam. 
There  are  about  four  posts  in  a  distance  of  25  feet,  and  instead  of 
computing  the  discharge  over  the  thin  crest  and  deducting  the  posts, 
the  same  formula  as  applied  to  the  regular  crest  was  used  and  no 
deduction  made  for  the  space  occupied  by  the  posts.  In  very  high 
water  the  drop  boai'ds  are  taken  out. 

The  revised  discharge  curve  for  this  dam  is  based  upon  Cornell 
University  experiments  Nos.  1  and  10.  The  necessary  explanations 
correlating  these  data  with  the  original  curve  may  be  obtained  from 
pi.  109.  The  discharge  at  depth  of  2  feet  on  the  crest  is  11.9  per  cent 
less  than  by  the  original  curve. 
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At  gaujLring  Stat  ion  No.  -t  (plate  110)  the  actual  cross  section  corre- 
sponds closely  lo  Hazin's  series  Xo.  130  or  135.  The  new  curve  is 
based  upon  ('ornell  I'^niversity  experiment  No.  2.  At  a  depth  of  2 
feet  on  the  crest  the  revised  <»urv(»  gives  14.1  per  cent  less  than  the 
original. 

At  gauging  station  No.  0  (plate  111)  tlie  experimental  and  actual 
cross  sections  are  nearly  identical,  Bazin's  series  No.  170  best  apply- 
ing. The  revised  curve  gives  for  2  feet  head  on  the  crest  13.3  per 
cent  less  discharge  than  the  original.  Cornell  T'niversity  experiment 
No.  7  has  been  applied  in  the  revision. 

At  gauging  station  No.  7  (plate  112)  the  exi)eri mental  and  actual  sec- 
tions agree,  Bazin's  series  No.  130  being  used.  Tlie  i-e vised  curve  is 
based  upon  CVirnell  University  experiment  No.  1,  the  discharge  at  2 
feet  head  being  13  per  cent  less  than  by  the  original  curve. 

At  gauging  station  No.  8  (plate  113)  there  are  several  sections  of  the 
dam  requiring  U)  be  taken  into  account.  Thus,  section  A  is  over  a 
bulkhead  next  to  the  sawmill  on  the  right-hand  side.  Section  C  is 
over  a  portion  of  the  dam  witli  broad,  flat  crest  similar  to  the  bulk- 
head, while  D  is  a  flat-crested  section  connected  witli  a  series  of  drops 
for  a  fishway.  B  is  the  spillway  of  the  dam  prox>er  and  has  a  section 
somewhat  similar  to  liazin's  series  No.  130.  The  revised  curve  is 
base<l  upon  Cornell  University  exp<^riments  Nos.  12  and  16.  Variation 
from  original  curve  at  2  feet  depth  on  crest  is  10  x>er  cent. 

At  gauging  station  No.  II  (plat^e  114)  the  experimental  and  actual 
cross  sections  are  almost  alike.  A  recomputation  of  flow  at  this  sta- 
tion on  tlie  basis  of  the  Cornell  University  experiments  shows  an 
immaterial  correction.  The  revised  (*urve  varies  at  2  feet  depth  on 
crest  1.0  per  cent  from  the  original. 

At  gauging  station  No.  10  (plate  115)  the  actual  section  of  main  part 
of  dam  agrees  closely  with  Bazin's  series  No.  130.  The  high- water 
discharge  over  the  bulkheads  was  computed  from  Bazin's  series  No. 
115.  The  revised  curve  is  based  upon  Cornell  University  experi- 
ments Nos.  1  and  12.  The  variation  at  2  feet  depth  on  (frest  is  11.7 
per  cent. 

At  gauging  station  No.  11  (plate  110)  the  crest  is  flat,  as  shown,  with 
a  flat  apron  in  front.  Bazin's  series  Nos.  117  and  141  were  the  near- 
est of  any.  The  Cornell  University  exi)eriments  have  modified  the 
curve  for  this  dam  very  immaterially,  as  shown.  The  discharge  at  2 
feet  depth  on  crest  is  increased  1.7  per  cent  over  the  original. 

At  gauging  station  No.  12  (plate  117)  the  actual  section  agrees 
closely  with  Bazin's  series  No.  170,  which  was  used.  As  this  station 
was  discontinued  in  March,  IHOO,  no  revision  of  discharge  has  l)een 
made. 

At  gauging  station  No.  13  (plate  118)  Jiazin's  series  No.  175  applied 
more  nearly  than  any  other. 

Inasmuch  as  the  Cornell  University  ^experiments  did  not  include 
H.  Do<*.  140 ^1 
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any  section  applying  to  this  station,  no  revision  of  discharge  curve 
has  been  made.  Bazin's  series  No.  175  is  taken  to  cover  the  case  of 
the  low  flows  here  better  than  any  other. 

At  gauging  station  No.  14  (plate  llll)  Bazin's  series  No.  170  was  used. 
The  I'evised  curve  is  based  upon  Cornell  University  experiment  No. 
15,  on  the  Rexford  Flats  dam  with  rounded  comer.  At  2  feet  depth 
on  crest  the  revised  curve  shows  23  i>er  cent  less  discharge  than  on 
the  original. 

At  gauging  station  No.  15  (i)late  120)  the  dam  has  a  variable  section 
a  portion  of  it  being  filled  with  paving  behind,  as  shown  for  section 
at  A,  the  Imlance  of  the  dam  being  as  per  section  at  B  on  plat.e  120. 
The  sections  of  this  dam  were  experimented  on  at  Cornell  University 
and  a  new  discharge  curve  computed,  as  shown.  The  new  discharge 
curve  gives  8.8  per  cent  less  flow  at  2  fei^t  depth  on  the  crest  than  the 
original. 

At  gauging  station  No.  16  (plate  121)  the  crest  of  the  dam  is  ♦>  feet 
wide  with  a  slope  to  the  back  of  1  foot.  The  back  of  the  dam,  al>out 
17  feet  in  height,  is  vertical.  Bazin's  series  No.  117  was  taken  as  best 
applying. 

There  should  have  been  an  exj^eriment  at  Cornell  University  cover- 
ing crests  and  roUerways  of  the  form  of  this  dam.  In  the  absence  of 
such,  the  revised  curve  has  been  based  upon  Cornell  University 
experiment  No.  13.  The  variatitm  in  the  two  curves  is  0  per  cent  at 
2  feet  depth  on  crest. 

At  gauging  station  No.  17  (plate  122)  Bazin's  series  No.  130  agrees 
closely  with  the  actual  section  of  dam.  The  I'evised  discharge  curve 
is  based  ujwn  C-ornell  University  experiment  No.  1.  The  variation 
in  the  discharge  at  2  feet  depth  on  the  crest  is  9.3  p#»r  cent. 

At  gauging  station  No.  18  (plate  123)  none  of  Bazin's  experiments 
absolutely  apply.  Series  No.  130  is  taken  as  closer  than  any  other  to 
the  main  part  of  the  dam,  while  the  flow  over  the  bulkheads  at  the 
sides  is  computed  from  series  No.  115.  The  revised  discharge  curve 
is  based  upon  Cornell  Univereity  experiments  Nos.  2  and  12.  The 
variation  at  2  feet  depth  on  crest  is  14  per  cent. 

At  gauging  station  No.  19  (plate  124)  the  dam  is,  as  shown,  very  flat, 
with  a  flat  apron  in  front.  Bazin's  series  No.  117  and  No.  107  were 
taken  as  l>e8t  applying.  A  recomputation  of  discharge  cnirve,  using 
the  Cornell  University  data  for  Rexford  Flats  section,  substantially 
verifies  the  curve  adopted,  as  shown.  The  variation  in  the  two  dis- 
charge curves  below  2  feet  depth  on  crest  is  practically  nothing. 
Above  2  feet  there  is  a  slight  increase. 

At  gauging  station  No.  20  (plate  125)  the  conditions  are  very  similar 
to  those  at  station  No.  19.  The  filling  at  the  back  of  the  dam  makes, 
in  effect,  a  long,  flat  crest  on  the  upstream  side  with  a  flat  apron 
below.  Bazin's  series  No.  117  and  No.  141  were  taken  as  best  apply- 
ing.    This  section  was  experimented  upon  at  Cornell  University,  with 
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the  result  of  substantially  verifying  the  original  computation.  The 
variation  in  discharge  curves  at  2  feet  depth  is  about  1  per  cent. 

At  gauging  station  No.  24  (plate  120)  the  actual  section  of  the  main 
part  of  the  dam  corresponds  closely  to  Bazin's  series  No.  135.  There 
is  a  platform  at  an  angle  in  the  dam  to  which  Bazin's  series  No.  115 
was  considered  to  fairly  apply.  The  revised  discharge  curve  is  based 
upon  Cornell  University  experiments  Nos.  2  and  12.  At  heads  of  2 
feet  on  the  crest  the  discharge  is  diminished  7  per  cent,  at  4  feet  it  is 
diminished  13.2  per  cent,  and  at  0  feet  13.6  per  cent. 

As  shown  in  the  foregoing,  the  result  of  the  Cornell  University 
experiments  was  to  show  that  the  discharges,  as  per  Bazin's  series  No. 
130  and  No.  135,  are  much  too  high  for  the  hiirh  heads  necessary  to 
be  used  at  these  several  gauging  stations,  and  accordingly  all  of  the 
discharge  curves  into  which  series  Nos.  130  and  135  enter  materially 
are  considerably  reduced.  The  correction  is  only  small  for  low  heads, 
but  in  some  cases  for  high  heads  it  l>ecomes  very  material.  Particu- 
larly is  this  true  at  station  No.  14. 

In  order  to  illustrate  the  method  of  c<miputation  used  for  obtaining 
the  flow  over  the  various  dams  we  may  refer  to  Schoharie  Creek  dam, 
as  shown  on  plate  124.  Table  No.  12A  shows  the  meth(Kl  of  computing 
discharge  cune  for  this  dam,  the  (•oefficients  used  in  that  table  being 
derived  from  Cornell  University  experiment  No.  14.  In  the  first  place 
the  zero  of  the  crest  gauge  is  at  elevation  90.68  feet.  The  crest  itself 
divides  into  a  series  of  sections,  with  elevaticms  reading  from  the  left 
hand  toward  the  right  hand  on  the  profile  (plate  124),  as  follows: 
For  a  length  of  01.4  feet  the  mean  elevation  is  1U.02  feet;  for  a  length 
of  25  feet  the  mean  elevation  is  90.64  feet;  for  a  length  of  75  feet  the 
mean  elevation  is  90.77  feet;  for  a  length  of  250  feet  the  mean  eleva- 
tion is  90.90  feet;  for  a  length  of  155  feet  the  mean  elevation  is  90.82 
feet;  and  for  a  length  of  20  feet  the  mean  elevation  is  91.01  feet. 
The  average  elevation  of  each  section  of  the  dam  having  been  obtained 
witli  reference  to  the  elevation  of  the  zero  of  the  crest  gauge,  the 
depth  of  water  flowing  over  eacli  section  corresponding  to  a  series  of 
given  heads  or  readings  on  the  crest  gauge  was  deduced  and  shown 
in  the  first  line  of  Table  No.  19  relating  to  each  section.  Thus  for 
section  A  we  have,  in  column  (4),  the  head  on  section  A  in  feet,  and 
so  on  for  sections  B,  C,  D,  E,  and  F.  Following  this  for  each  section 
in  column  (4),  the  discharge  per  foot  of  crest  for  various  heads  extend- 
ing from  0.2  foot  to  8  feet  is  given.  The  third  line  of  each  division, 
A,  B,  C,  etc.,  gives  total  flow  over  section  for  the  various  heads  up  to  8 
feet.  The  summation,  as  given  at  the  bottom  of  the  table,  repi-esents 
the  total  flow  over  this  dam  in  cubic  feet  per  second  from  0.2  foot  up 
to  8  feet,  the  range  being  from  26  cubic  feet  per  second  to  40,783  cubic 
feet  per  second.  The  discharge  curve  on  plate  124  has  been  derived  by 
plotting  the  final  footings  of  Table  No.  12A  with  heads  on  crest  in  feet 
as  ordinates  and  discharge  in  cubic  feet  [>er  second  as  abscissas. 
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Table  Xo.  12 A  illustrates  the  method  used  in  coiiipnting  all  the  dis- 
charge curves,  plates  107  to  126,  inclusive. 

By  way  of  illustrating  the  great  variations  of  discharge  over  several 
of  Bazin's  weirs,  which  are  especially  applicable  to  our  gauging  sta- 
tions, plat«  128  has  been  prepared,  whereon  are  given  discharge  curves 
for  Francis's  formula  in  comparison  with  Hazin's  series  Nos.  117,  130, 
135,  1G2,  170,  and  173,  together  with  a  table  showing  the  discharges 
per  lineal  foot  of  crest  a«  per  Bazin  for  these  several  weirs. 

On  plates  107  to  126,  inclusive,  we  have  given  discharge  curves  for 
each  gauging  station  for  heads  on  the  ci'est,  in  feet,  from  0  up  to  4 
feet. 
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Description  of  Bazin's  Experiments  on  Weirs  of  Irregular 

Cross  Section. 

The  following  chapter  has  been  translated  from  Bazin's  paper  in 
Annales  des  Ponts  et  Chaussees  for  18l>8. 

We  will  now  consider  weirs  in  which  the  back  and  front  faces, 
instead  of  being  vertical,  have  a  batter  of  greater  or  less  inclination. 
The  conditions  of  discharge  will  be  found  to  be  greatly  modified. 
The  batter  on  the  upstream  side  tends  to  diminish  the  contraction  in 
passing  over  the  crest  and  hence  to  increase  the  discharge.  The 
influence  of  the  downstream  batt^^r,  on  the  other  hand,  is  not  always 
constant,  but  varies  according  to  the  degree  of  inclination.  If  the 
downstream  face  is  not  far  from  vertical,  the  nappe  adheres  to  it  for 
small  discharges,  but  l)ecomes  detached  at  a  certain  head  and  then 
follows  the  condition  described  as  wetted  underneath,  analogous  to 
that  which  we  have  studied  for  square-timber  weirs. ^  If,  on  the  con- 
trary, the  batter  is  nearly  horizontal,  the  nappe  does  not  detach  itself, 
but  remains  in  contact  with  the  face  of  the  weir  under  all  heads.  The 
discharge  may,  however,  vary  greatly,  according  to  the  degree  of  incli- 
nation of  the  face.  On  th^  other  hand,  the  influence^ of  the  width  of 
the  crest  is  considerable,  as  we  have  seen  in  the  case  of  weirs  formed 
of  square  timbers.^  Hence  a  weir  with  a  wide  crest  and  inclined  faeces 
may  present  a  large  variety  of  results,  each  type  having,  so  to  speak, 
its  own  special  scale  of  coefficients.  Such  a  study  to  be  complete 
must  include  a  very  considerable  numl)er  of  particular  cases.  With- 
out embracing  all  possible  cuses,  the  experiments  have  been  somewhat 
numerous.  They  include  weirs  with  different  degrees  of  batter  on 
the  front  and  back  faces  and  having  sharp  crests,  on  the  one  hand, 
and  on  the  other,  crests  0.10,  0.20,  and  0.40  meter  in  width  (0.328, 
0.G56,  and  1.312  feet,  respectively). 

Some  additional  experiments  have  been  made  on  weirs  having  crests 
joined  to  the  inclined  faces  by  curved  surfaces,  and  tinally  weirs  have 
been  expt^rimented  upon  having  completely  curved  profiles. 

We  may  divide  the  numerous  series  of  experiments  into  five  groups, 
namely : 

(1)  Weirs  so  nearly  vertical  on  the  downstream  side  tlmtthe  nappe 
remains  detached. 

(2)  Weirs  having  the  upstream  face  vertical,  or  nearly  vertical, 
but  with  a  batter  on  the  downstream  face  so  nearly  horizontal  that 
the  water  always  remains  in  contact. 

(3)  Weirs  both  faces  of  which  are  at  an  inclination  <iiffering  from 
the  horizontal  by  less  than  45"". 

(4)  Weirs  in  which  the  crest  is  joined  to  the  inclined  faces  by 
curved  surfaces. 

(5)  Weirs  having  completely  curved  profiles. 

^  See  the  precedinif  articles  in  this  series. 


of  the  civst.*   The  values  of  the  coefficient  (       ,  ),  which  have  been 
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We  have  indicated,  hs  in  the  cjise  of  inclined  sharp-crested  weirs, 
the  degree  of  batt^^r  by  a  fraction  such  a«  3/2,  in  which  the  numerator 
represents  the  vertical  height  corresponding  to  the  widtli  of  base  indi- 
catitd  by  the  denominator.  The  fracticm  3/2  thus  indicates  a  batt.er 
having  a  vertical  rise  of  3  and  a  horizontal  run  of  2,  that  is  to  say, 
3/2  e<iuals  the  tangent  of  the  angle  l>etween  the  plane  of  the  l)ase  and 
the  horizontal. 

FIRST  <iR()UP. — WEIRS  HAVIN(*  THE    DOWNSTREAM     FACE    VERTICAL, 
OR   NEARLY    VERTICAL. 

This  group  includes  ten  series  of  exi)eriments,  the  results  of  which 
differ  notably  according  to  the  inclination  of  the  batter  and  the  width 

obtained  for  shari>-crested  weirs  have  b<*en  compared  with  those  cor- 
responding to  napjies  wetted  undern«»atli  with  sharp-creste<l  w^eire. 
Similarly  we  may  conveniently  compare  the  values  obtained  for  weirs 
with  crests  n.  10  and  0.20  meterwide  (0.328  and  0.05G  feet,  respectively) 
to  those  for  flat-crested  beam  weirs  of  the  same  width  in  the  accompa- 
nying table  No.  13.^  The  coefficients  have  been  made  to  follow  a 
uniform  law  by  plotting  the  immediate  results  of  the  experiments  in 
such  a  manner  that  the  head  h  represents  the  abscissa  and  the  ratio 

(      ,  )  the  onlinate  of  a  point  repn»senting  one  of  the  experiments. 

A  mean  curve  has  been  drawn  b}'  the  aid  of  th(»se  points,  and  from 

this  curve,  drawn  on  a  large  scale,  values  of  the  ratio  (   '",  )  have  1k*< 

\fn  J 

taken,  cori-espondi ng,  roundly,  to  abscissas  of  o.lo  meter,  0.15  meter, 
ct(*.  (0.32H  foot,  nj;5f»  foot,  etc.).  All  the  experiments  terminate  with 
napi)es  wetted  underneath;  but  the  discharge  for  these,  as  well  as  for 
depress«.Ml  and  adlu^ring  luippes,  is  shown  in  the  table,  the  nature  of 
the  napiK*  in  ea<*h  <*ase  l^»ing  in<li<'ated  in  the  i>roper  column.  If  we 
consider,  lii-st,  sharp-crested  weirs,  we  pei*c(»ive  that  the  appearance 
of  the  wette<l  luippe  is  preceded  by  the  depressed  nappe,  imprisoning 
air  lM*tween  its  under  surface*  and  the  IxKly  of  the  weir,  excepting  in 
the  casi3  of  a  weir  with  a  fa<*e  batter  of  3  2,  which  permits  the 
formation  of  an  adhering  nappe.  When  once  the  wetted  nappe  is 
established,  its  c(H*fficient  does  not  <liffer  greatly  from  that  for  a  sharp- 
<*rested  weir,  excepting  in  the  cases  where*  the  batter  on  the  back  is 
3/1  and  3  2,  when  it  is  greater.  For  weii-s  with  flat  crests  0.10  meter 
(0.328  foot)  wide  the  a<lhering  form  of  nappe  appears  when  the  up- 
stream face  has  a  batter  of  3  1  or  3  2.    The  ratio  (  "'    j  is  also  modifled, 

however,  by  a<iherence  of  the  water  to  the  flat  crest.  At  the  moment 
when  this  adhesion  ceases  the  coetTicient  diminishes  sud<lenlv  about 


en 
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10  per  cent.  This  lias  tak«Mi  place  in  the  two  series  Nos.  MVo  and  KU, 
where  the  iii)stream  faee  is  vt»rtieal.  In  th(»  other  series  the  head  has 
not  been  siiflieitMitly  larj]:<*  to  detaeli  the  nappe,  and  the  eoeftieient 
remains,  in  tliese  (experiments,  greater  in  value  than  it  wcnild  ]>e  for 
a  l)eam  weir,  in  wliieh  the  nappe  has  iK^eome  detaehed  before  the 
giv«»n  head  is  attained. 

Only  one  s(*ries  of  experiments  has  Ijeen  mad«»  on  weirs  with  crest 
0.'2i}  meter  (0.r»5*)  foot)  wide,  the  downstream  faee  being  vertical  and 
that  on  the  upstream  side  having  a  batter  of  1/2.  In  accordance 
witli  the  increased  width  of  crest,  Xho  wetted  nappe  <lo<»s  not  appear 
until  quit(*  late  and  with  a  eoeftieient  notably  diminislied.  It  is  clear 
that  more  tvxtended  experimeuts  would  liave  le<l  in  all  cases  to  results 
ditTering  in  a  similar  manner  from  those  for  crests  n.  lo  meter  in  width. 
Without  going  further  we  may  say  that  on  a  weir  having  the  down- 
stream fa<'e  nearly  vertical  the  w(»tted  form  of  n*ii)pe  always  «ai)i)eai*s 
when  a  <*erlain  head  has  Ix^en  attained.  This  limiting  head  varies 
with  the  iiH'lination  of  th<»  front  and  ])ack  fa<*es  and  is  never  the  same 
as  that  w]n<*h  correspond  Is  to  detachment  of  the  nappe  from  the  flat 
crest,  which  also  influences  the  value  of  the  co<»fticient.  Each  type 
of  weir  re(iuires  a  special  study,  and  in  view  of  the  c(miplexity  of  the 
coTiditions  involved  it  is  impossible  to  establish  a  general  formula  for 
the  di.Nfliarge  coefficient 

SECOND    GROUP — FACE    OF    THE    WEIR   OX   THE    I'PSTREAM    SIDE    VER- 
TICAL  OR   NEARLY    VERTIl  AL. 

Considering  now  the  case  where,  in  C(mtradistinction  to  Uw  first 
group,  the  back  is  nearly  vertical  and  the  downstream  face  has  a  con- 
siderable batter.  Table  No.  U  shows  how  the  values  of  (      .  )  vary 


from  those  of  seri(\s  Xos.  12o  to  Lio  in  the  l^5  series  of  experiments 
performed  f<n'  heads  of  o.  10,  0.1'),  o.lM)  meter,  etc.  (o.:^2S,  O.V.)2,  i).«;.5*> 
foot ,  etc. ).     For  sliarp-crested  weirs  with  the  upstn^am  face  vert  ieal  the 

ratio  (  '",  j  is  nearly  c(»nstant  for  each  series,  the  mean  values  l)eing 

1.13,  1.03,  0.90,  and  0.S4  for  batters  cm  the  downstream  of  1  1, 1  i\  1/5, 
and  1   10,  respectively. 

Where  the  upstream  face  has  a  batter  of  3/1  or  2/1,  it  produces,  as 
we  liave  already  seen,  an  increase  in  th(»  value  of  the  coefficient  of  a 
few  per  cent.  Turning  to  the  exi>eriments  on  weirs  witli  crests  0.10, 
0.20,  and  0.40  meter  (0.328,  O.fioO,  and  1.312  foot,  respectively)  in 
width,  it  may  Ik)  seen  that  the  coeffic^ients  increase  with  the  liead, 
series  No.  143  only  sliowing,  for  the  final  values,  a  rapid  diminution, 
proving  that  the  nappe  has  become  deta(*hed.  It  is  necessary,  in  fact, 
in  order  that  the  napi)e  shall  In^come  detached,  that  the  head  shall  ])e 
greater  in  proportion  as  the  width  of  the  crest  becomes  greater  and 
the  slope  of  the  downstream  face  more  gentle.     This  limit  has  not,  in 


inents 
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geneml,  been  ivaehed  in  the  experiments,  and  the  nappes  remain 
atta<*he<i  to  the  (*rests,  ex<*epting  lor  series  No.  143  (batter  on  the 
downstream  side  1/1),  where  the  detachment  of  the  nappe  leads  to  a 
diminntion  of  the  eoeffieient  ratio  from  1.21  to  1.14.     The  next  series, 

No.  U4,  indicates  also  a  slight,  temienov  for  the  ratio  (  ^IL   )  to<lecrease, 

the  batter  here  being  1/-2.  This  tendency  entirely  disappeai-s  where 
tlie  slope  of  the  downstream  fa<-e  is  not  greater  than  1/3  or  1/4. 
Omitting  the  results  for  the  relatively  snmll  heads  of  o.lO  meter 
(0.32S  foot)  or  less,  when*  there  are  some  irregularities,  the  incre- 

of  th(*  coelhcient  ratio  (  ^'O  foi"  heads  from  0.10  meter  (0.328 

f(M>t)  to  the  limits  of  the  experiments  are  given  below  for  each  series, 
in  comparison  with  the  results  for  a  weir  witli  a  crest  0.10  meter  in 
width  (0.328  foot),  series  Nos.  133  and  134,  and  with  those  for  flat- 
creste<l  w(»irs,  0.40  meter  (1.312  feet)  and  2  meters  (0.50  feet)  in 
width,  series  Nos.  113  and  115.     The  compariscm  made  in  this  table 

shows,  (I)  that  for  the  same  width  of  crest  (  — ,  )  diminishes  when  the 

inclination  of  the  downstream  face  is  gradually  diminished  below  45°; 
(2)  that,  other  things  being  equal — that  is  to  say,  for  the  same  battel's 

on  the  two  faces  in  each  case — the  ratio  (   '",  )  diminish*»s   when    the 

width  of  the  crest  is  increased.  Table  No.  15  gives  a  resume  of  this 
group. 

THIRD   GROUP — BATTER  ON  THE  UPSTREAM  AND   DOWNSTREAM  FACES 
VERY    (iENTLE,  NOT   EXCEEDINO   45^. 

Weirs  encountered  in  practice  do  not  oft^n  have  nearly  vertical 
faces  like  those  we  have  be(*n  considering,  but  have  sloi)es  inclined 
45'  or  more  fi*om  the  vertical.  Such  well's  have  been  made  the  sub- 
ject of  the  following  experiments,  in  which  slopes  of  l/l  and  1  2  on 
the  upstream  side  have  Ix^en  (*oinbined  with  slopes  of  1  1,  12,  and 
1  5  on  the  downstream  side  for  three  different  widths  of  crest.  Tables 
Nos.  1**»  and  17  give  a  resume,  in  a  succinct  form,  of  the  general  trend 

of  the  values  of  the  ratio  (  '",  \  in  the  different  series.     Each  case  in 

V  ///  / 

the  thi*ee  tables  corresponds  to  one  of  the  six  possible  combinations 

of  the  batters  1  1  and  1  2  im  the  upstream  side,  with  the  inclinations 

11,  1  2,  and  1  5  on    the   downstream  face.     The  numerical  factors 

given  are  the  values  to  the  nearest  0.005  of  the  coefficient  ratio  (  ^^',  j 

for  heads  of  0.10,  0.20,  0.30,  and  0.40  meter  (0.328,  0.650,  0.9H4,  and 
1.312  foot),  respectively.  In  order  that  the  results  given  in  the  tables 
shouhl  be  strictly  com])arable,  we  liave  omitted  series  No.  171  (batter 
on  the  downstream  face  1  3)  and  series  Nos.  170  and  178,  which  were 
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executed  on  a  weir  0.75  meter  (2.40  feet)  in  heij2:ht.     The  values  of 

f  ,  )  decrease,  as  usual,  when  tlie  width  of  crest  is  increased,  while 
\m'  J 

as  regards  the  inclination  of  the  two  faces  it  is  easily  seen  that  the 

influence  of  the  batter  on  the  downstream  side  is  much  the  more 

important. 

In  most  C4ises  the  ratio  (  ^^,  \  increases  with  the  head,  but  in  oixler 

V.m  ./ 

to  investigate  more  fully  the  <5hanges  in  value  of  (  '-,  )  it  is  neces- 
sary to  consider  separately  the  case  of  sharp-crest^l  weirs  as  distin- 
guished from  those  with  wide  crests. 

SHARP-i^RESTED   WEIRS. 

Baiier  Hlondownsiream  side. — Tlie  coefficient  ratio  (  ^'*,  )  decreases 

V  fH  ) 

as  the  head  li  increases  from  alH)ve  1.20  for  very  slight  heads  to  1.11 

or  1.12  for  the  largest  heads  used.     Its  value  is  sensibly  the  same  for 

the  two  batters  of  1/1  and  1/2  on  the  back.     The  rate  of  decrease  is 

not  uniform,  being  very  gradual  to  /<=0.30  meter  (0.984  foot),  beyond 

wliich  it  changes  rapidly,  without  <loubt  due  to  the  detachment  of  the 

nappe. 

Battel  1 12  on  the  downstream  side. — Instead  of  decreasing  as  the 

head    incn^ases,  (  -',  )  increases  slowlv  in  value  between  the  limits 
\  ni    f 

1.10  and  1.13,  its  value  l)eing  nearly  the  sanu*  for  the  tw^o  batters  on 

the  back  of  l/l  and  \i^. 

Batter  Ho  on  the  doirn^streani  side. — In  this  case  the  coefficient  ratio 

is  nearly  indei>endent  of  /i,  decreasing  from  1.015  to  l.(H)0  for  a  batter 

on  the  back  of  1/1,  and  from  1.045  to  1.035  for  a  batK*r  on  the  back 

of  1/2. 

WEIRS    HAVING    CRESTS    0.10   AND  0.20  METER    (0.828    AND  0.65<)    FUOT)    IN    WIDTH. 

The  coefficient  always  increases  with  the  head,  but  the  limits  between 
wliich  this  increase  takes  place  differ  in  each  case.  If  it  were  ix)s- 
sible  to  increase  the  head  indefinitely  and  at  the-sametime  the  height 
of  the  weir,  the  conditions  of  discharge  would  approach  progressivcdy 
those  for  a  sharp-<»rest(Ml  weir,  tin*  width  of  the  crest  Ix^eoming  more 
and  more  negligible,  relative  to  the  general  dimensions  of  the  <lam. 
The  series  of  roetlicients  relating  to  civsts  of  a  given  width  ean  not 
l>e,  with  certainty,  extended  iR^yond  the  ex])erimental  limits  between 
which  they  were  obtained.  If,  however,  the  curves  rei)iesenting  the 
coefficients  were  sufficiently  prolonged,  they  would  eon  verge  towanl 
those  wliieh  correspond  to  a  sharp-crest«Ml  weir,  with  vertical  faces. 
The  batter  on  the  back  determines  the  direct  ion  of  the  filaments  which 
constitute  the  inferior  surfa<-e  of  the  nappe  an<l  influences  thus  the 
contraction  at  the  inner  edge  of  crest,  and  hence  also  the  <lischarge. 
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The  batt.er  on  the  downstream  side,  on  the  otlier  hand,  affects  the 
pressure  underneath  the  nappe. 

When  the  width  of  the  crest  is  not  negligible,  the  inclination  of  the 
downstream  face  determines  the  limiting  head  at  which  the  nappe 
detaches  itself  from  the  crest  and  at  which  point  the  conditions  of 
discharge  change  suddenly.  This  limit  depends  also,  in  a  certain 
measure,  on  the  velocity  of  approach,  or,  which  amounts  to  the  same 
thing,  on  the  ratio  of  the  head  h  to  the  height  p  of  the  weir.  A  com- 
plete formula  should  include,  in  addition  to  the  slopes  of  the  two 

faces,  the  two  ratios  ( -7  )  and  (      ),  where  c  is  the  width  of  the  flat 

portion  of  the  crest.    Such  a  formula  would  be  excessively  complicated. 

FOURTH  GROUP — THE  TWO  FACES  UNITED  BY  A  CURVED  SURFACE 
AT  THE  CREST  OF  THE  WEIR. 

Seven  types  of  weii-s  were  experimented  on  with  a  view  to  deter- 
mining the  effect  on  the  dis(*harge  of  joining  the  two  faces  of  the  weir 
by  a  curve<l  surface,  the  slopes  used  being,  on  the  upstivam  side,  very 
nearly  vertical  (5/1),  ami  on  the  downstream  side  from  l/.'i  t^  15, 
the  upstream  edge  of  the  crest  being  rounded  to  an  arc  of  0.u5,  0.10, 
or  0.20  meter  (0.104,  i\:\2'^,  or  0.«;5i;  foot)  radius. 

Table  No.  18  contains  the  values  of  (     .,  )  given  bv  these  series,  for 

heads  of  0.10,  0.20,  0.30,  and  O.-IO  met^r  (0..32S,  0.f>5r>,  0.984,  and 
1.312  foot),  in  comparison  with  those  previously  obtained  from  weirs 
having  faces  at  the  same  slope  and  with  crests  0.10  and  0.20  meter 
(0.328  and  0.05G  foot)  in  width.  Series  Nos.  U5,  140,  153,  155,  and 
150. 

Types  Nos.  (1)  and  (2)  differ  only  in  reganl  to  the  radius  of  curva- 
ture of  the  ba<*k  edge  of  the  crest,  this  being  0.05  meter  ((».  104  foot) 
for  the  first  and  0.10  meter  (0.328  foot)  for  the  second.  The  radius 
of  (MO  meter  increases  the  discharge  slightly  more  than  that  of  0.05 

meter,  though  the  difference  is  unimportant,  but  tin*  values  of  (  '  /  ) 

in  both  cases  considerably  surpass  those  which  have  l)een  obtained 
for  similar  weirs  with  the  two  faces  united  by  flat  crests  o.  10  and  0.2O 
meter  (0.328  and  O.050  foot)  in  width.  Series  Nos.  145  and  153. 
Types  Nos.  (3)  and  (4)  are  similar  to  types  Nos.  (1)  and  (2)  except 
as  regards  the  inclination  on  the  downstream  side,  which  has  been 
reduced  from  1  ')  to  1/5.  This  conduces  to  eijualize  the  values  of  ///, 
which  differ  relatively  little  from  each  other,  although  the  values  are 
sensibly  less  at  the  same  heads  than  those  for  types  Nos.  (1 )  and  (2), 
and  yet  somewhat  greater  than  for  weirs  with  flat  crests  0.  lo  and  0.20 
meter  (0.328  and  0.050  foot)  in  width.  Series  Nos.  145,  155,  and  150. 
Types  Nos.  (5)  ami  (0)  differ  only  by  the  radius  of  curvature  at 
the  back,  which  is  0.10  and  0.20  meter,  resi)ectively,  tlie  (*rest  being 
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wider  than  in  the  i>reoe(lin^  rases.  The  value  of  m  is  somewhat  h^ss 
than  ])t>fore,  not  <lifferin;r  greatly  from  that  which  eoiTesponds  to 
types  Nos.  (.*i)  and  (4). 

The  width  of  the  crest  is  still  further  increased  in  type  No.  (7),  the 
leugtli  of  the  rectilinear  section  ])etween  the  origins  of  the  two  curv«Mi 
surfaces  being  O.'JO  meter  (().♦)/)♦)  foot).  Tliis  modification  j)roduces  a 
sensible  diminution  in  the  value  of  ///. 

FIFTH   GROUP — WEIRS   WITH   COMPT.ETELV   CL'RVED    PROFILES. 

We  turn,  finally,  to  the  consideration  of  weirs  liaving  completely 
curv(»d  ijrofiles.     The  coetllcient  ?//  then  attains  exceptionally  higli 

values.     The  values  of  the  ratio  (   '- ,  )  for  the  six  series  of  ex{H»ri- 

ments  are  collected  in  Table  No.  I'J.  Types  Nos.  (1)  and  (l*),  having 
vertical  downstream  faces,  ])ermit  of  the  formation  of  nai)pes  wetted 
underneath.  The  (corresponding  co(*flicients  are  much  liigher  than 
for  the  analogous  case  with  a  sharp-crested  weir. 

Types  Nos.  (3)  and  (4)  have  crests  which  differ  only  in  the  radii  of 
curvature  of  tlie  curved  surfa<*es,  IxMng  0.05  and  0.08  meter  (0.104 
and  O.L>f)24  foot),  respectively,  for  type  No.  (3),  and  n.io  and  0.12 
meter  (n.:jL>s  and  0.:jl):{<;  fool),  respectively,  for  type  No.  (4).  The 
crest  in  this  latter  case  is  mucli  larg(M',  an<l  the  <'oefticient  ///  is,  as  a 
result,  notably  less  for  heads  uj)  to  ().:>()  met<M-  (n.<»S4  foot),  but  it  is 
not  the  same  bey(md  this  point,  for  the  concave  form  of  tyi)e  No.  (3) 
tends  to  i)roduce  deta<*liment  of  the  napi)e,  and  the  coellicient  for  this 
type  continues  to  diminish  from  this  point,  becoming  less  than  for 
type  No.  (4),  in  which  tlie  coellicient  increas(*s  for  all  heads  within 
the  limits  of  the  exiK»riments. 

Types  Nos.  (5)  and  (<>)  irive,  in  spir^»  of  th«»  difference  of  their  pro- 
tiles,  nearly  identical  coetticients.' 

'See  Annales  des  Fonts  et  Chaussees,  Memoires  et  Documeuts,  2d  quarter,  1898, 
pp.  151  to  194,  inclusive. 
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Table  No,  10. — Rettame  of  thv  third  ijroup.     Value  <*/  the  ratio 
in  _ci*effivieui  for  VA'iM'rinientaJ  u^ir 
m  —  coejfficivnt  for  at  a  iida  rd  us'ir 


Battor  on  the  tipetreani  *b<». 


S^harp-crested  weir . 


Crest,  0.338  foot  wide . 


l^rest,  O.ftTirt  foot  wide . 


Serial  nuinlwr. 
11 


Serial  nuinlier. 
12 


Serial  nuiulter. 
1  1 


Serial  iiumlier. 
IL' 


Serial  number. 
11 


Serial  nnmber. 
1^» 


Head, 
'in  feet. 


Height  of  ex])ori* 
mental  weir,  iUjUi 
niet«r  <l.rt4  fei»t». 
Batter  on  the  down- 
stream fa<>e. 


1.312 


O.DM 

l.:ji2 


U.tfM 
0.984 
1.312 


(1.338 
O.rtM 
().D84 
1.313 


1 


0.388 
O.rtStf 
0.«84 
1.313 


0.338 
0.050 
0.1184 
1.313 


11 


101 

1.3:JD 
1.305 

i.ario 
i.li(» 

103 
1.305 
1.1»0 
I.IKO 
1.135 

107 
0.V30  I 
l.(WO 
1.1.W 
1. 180 

108  I 
0.H50  - 
l.(CO 
1.110 

l.i:iO 

174 
0.875 
O.IWO 
l.(«0 

i.im  j 

176  ■ 
0.805  ; 
0.»70  I 
l.(J30 
l.OIVl 


12 


io;{ 

l.(RV) 
1.110 
1.135 
1.135 

104 
l.liO 
1.130 
1.135 
1.135 

109 
f».915 
l.(MO 
1.10l» 
1.135 

170 
O.JWl 
1.045  1 
1.090  I 
1.115  I 

177 
0.876 
0.95U 
1.O80  > 
1.065  : 

179 
0.895  I 
0.900 
1.015  ' 
1.060  ' 


13 

106 
1.016 
I.INC 
1.006 

i.a« 

160 
l.(H6 
l.(MO 
1.040 
l.(»6 

1« 
(t.875 
O.900 
0.990 
1.005 

173 

0.905 
0.906 
0.tW5 
l.OlO 

180 
0.805 
0.916 
0.955 
0.970 

181 
0.886 
0.985 
O.HttO 
0.980 


Table  No.  17. — Group  three,     Weira  trith  vresttt  u.ia  awi  o.jo  meter  {0.3^8  and 

(Kti5G  foot)  xcide.     Showing  ifiriation  of  the  ratio    -'^,  . 

m 


Batter  of  the  faces. 


Upstream. 


Downstream. 


11 

M 

1/2 

1/1 

M 

1/2 

Itf 

1,2 

1/i :::::::::::::::::.:::::::: 

1/5 

1/2 

1/6 

Width  of  crest,  o.:CH 
foot.  I 


Width  of  crest, 
0.050  foot 


-increases  with    I  — ,  increaseH  with 


the  heml. 


From  0.930  toI.18i> 
From  0.950  to  1.190 
From  0.915  to  1.136 
From  0.950  to  1  116 
From  0.875  tol.(«6 
From  0.905  U>  1.010 


the  head. 


From  0.876  to  LOBS 
Prom  0.896  to  1.000 
From  0.876  toL055 
From  0.896  to  1.060 
From  0.866  to 0.970 
From  0.886  toO.SW) 
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Table  No.  18. — Resamf'  ofgi'onpfour, 
nurfacef  shom'ng  vcUnes  o/  the  ratio 


The  ttro  faces  of  the  u^'r  Joined  by  a  cun^ed 
m  _  coefficievi  for  experimental  weir 
m       voefflx'ient  for  standard  tr^'r 


Batter  on  the  downstream  fare  1  ^J. 


Upfttream  edge  of  <?rest  rounded       Crest  not 
nya  circular  arc  having  a  ra-    rounded:  up 
dius  in  feet  of—  stream  fac«. 


Radius |  0.  JW  |  (>.aa8     O.iiiS    O.AW  .  (K«5«    Verti-'   Bat- 

!  I  ,  cal.    .ter2;l. 

Tyiw  number.!      1  :i      i      5  6  7      i  Crest   Crest 

1  ,  1  1  I  (\-mi  I  O.ttW 

.'11  foot  '  foot 

I  wide.   wide. 


Batter  on  downstream  face  15. 


Crest  round- 
I  ed  by  a  cir-  I 
culai*  arc    i 
having  a  ra- 
dius in  feet 
of- 

O.ltU  '  (K3a8  ' 


Crest  not  round- 
ed; upstream 
face  of  weir. 


I 


Serial  number       l>^ 


Head,  in 
feet... 


0.;K8 

10.984 
1.312 


0.910 
0.985 
1.040 
1.080 


18:j| 

0.055 
1.005 
1.055 
l.(JH0  I 


im  ; 

0.890 
0.925 
O.MM) 
0.9H5 


187 

0.910 
0.950 
0.985 
1.005 


1S8 

0.870 
0.8ti5 
0.905  I 
0.930 


145 

0.850  I 
0.9t{0  I 
0.985 
0.980  ' 


15:J 

0.796 
0.890 
0.960 
0.990 


184 

0.890 
0.9;i5 
0.975 
0.995 


185  i 
0. 910 

0.990  I 
1.010 


Verti-' Verti- 
cal,      cal. 

Crest  Crest 
O.S2t<  ,  0.050 
foot      foot 

wide.    wide. 


14(1  I      i:)5 

0.825  j  0.785  ' 
O.htt)  I  0.830  I 
0.905  ,  0.880  I 
0.9(K     0.900 


Bat- 
ter 
21. 
Crest 
0.a5« 
I  foot 
wide. 

156 

0.805 
0.870 
0.930 
0.940 


Table  No.  19. — TUsumA  of  group  five,     Weira  unth  completely  CHn^ed  profiles. 


Values  of  the  ratio 


^coefficient  for  experimental  weir 
coefficient  for  standard  wteir 


Type  number . . 
Serial  number  , 


Head,  in  feet . 


[0.328 
0.492 
0.«56 
0.820 
a984 
1.148 


1    1 

o 

3 

4        ' 

5 

0 

\m 

19J) 
a  1.150 

191       1 

1.  ia5 ! 

192 

191^ 

194 

a  1.125 

1.060 

1.040  ' 

1.060 

1.210 

L340 

1.210 

1.130 

1.125 

1.130 

1.270 

1.810 

1.245 

1.180 

1.175 

1.180 

6L280  1 

61.320 

L285 

1.225  j 

1.230  i 

1.230 

1.265 

1.290 

1.275 

1.260  ' 

1.280 

1.246 

1.240  ! 

1.235 

L240 

1.285 

1.250  , 

1.240 

It  Adherent  nappes.  b  Nappes  wetted  underneath. 

General  Resume  of  Hazin's  Experiments.^ 
This  chapter  has  also  been  translated  from  Bazih's  final  paper  in 
Annales  des  Fonts  et  Chaussees  for  1898.'^ 


*  Memoires  et  Documents.  1898,  pp.  219-223,  inclusive. 

''MATHEMATICAL  SYMBOLS  USED. 

Bazin*s  formulee  have  been  changed  so  as  to  make  English  measures  applicable 
by  the  introduction  of  a  conversion  factor  when  necessary.    The  mathematical 
symbols  are  as  follows: 
h   —  head  on  crest  of  weir,  in  feet. 
u  —  mean  velocity  in  channel  above  the  weir,  in  feet, 
a  =  a  constant  (replaces  a,  used  by  Bazin). 
K  =  a  constant. 

g  =  acceleration  of  gravity,  =32.2. 
/    =  length  of  crest  of  weir,  in  feet, 
w  =  a  constant  (replaces  /<,  used  by  Bazin). 
p  —  height  of  crest  of  weir  above  bottom  of  channel,  in  feet. 
m  =  coefficient  of  discharge  over  a  given  weir. 
?u'=  corresponding  coefficient  for  a  standard  weir. 
Q  =  discharge,  cubic  feet  per  second. 
h\  =  difference  of  elevation  of  crest  of  weir  and  of  water  on  the  downstream  side, 

in  feet,  when  the  latter  is  below  the  crest  of  the  weir, 
/ie  =  difference  of  elevation  of  crest  of  weir  and  of  water  on  the  downstream  side, 

in  feet,  when  the  weir  is  drowned, 
c   =  width  of  crest  of  a  flat-crested  weir,  in  feet. 
R  =  radius  of  curvature  of  a  weir  rounded  at  the  back,  in  feet. 
z  =  h—h^,  in  feet. 

H.  Doc.  149 42 


658  DEEP   WATERWAYS. 

CLASSIFICATION   OF  THE  DIFFERENT  SPECIES   OF   NAPPES. 

When  water  is  discharged  through  a  submerged  oriftce,  it  is  well 
known  that  the  discharge  Q  varies  according  to  the  nature  of  the  ori- 
fice. The  coefficient  m  in  the  formula  (^=mc  yf  2gh  Yixwsi  l)e  deter- 
mined for  each  particular  case.  This  coefficient  varies,  however,  only 
within  relatively  narrow  limits. 

The  conditions  in  the  case  of  a  weir  are  much  more  complex.  The 
influence  of  the  shape  (width  of  the  civst,  degree  of  inclination  of  the 
upstream  and  downstream  faces  of  the  weir,  etc.)  always  enters,  but 
other  factors  conspire  to  make  the  value  of  the  coefficient  ?//  in  the 
classical  formula  Q  ^  mill  y/"2gli  vary  within  much  wider  limits  than  for 
discharge  through  an  orifice.  The  sloping  nappe  of  a  weir  differe 
from  the  vein  issuing  from  an  orifice  in  that  it  may  assume  a  vaiiety 
of  perfectly  distinct  forms.  These  forms  constitute,  in  i-eality,  as 
many  distinct,  cases,  each  of  which  it  is  necessary  to  study  separately, 
since  by  confusing  them  one  must  necessarily  expose  liimself  to  seri- 
ous eiTors.  It  is  proper  at  the  start  to  classify  these  different  forms 
and  to  make  known  their  distinctive  characteristics. 

Free  nappes, — The  most  simple  and  definite  case  is  that  of  a  sharp- 
crested  weir  without  lateral  contraction,  in  wliich  the  nappe  falls 
freely  in  the  air,  its  lower  surface  always  subject  to  the  pressure  of 
the  atmosphere.  The  lateral  contrac^tion  may  be  suppressed  by  mak- 
ing the  length  of  the  weir  eciual  to  the  width  of  the  canal  leading  to  it, 
which  is  supposed  to  have  vertical  walls.  Immediately  l>elow  the 
crest  these  walls  should  be  constructed  in  such  a  manner  as  to  permit 
free  access  of  air  beneath  the  nappe,  which  then  represents  a  portion  of 
a  nappe  of  infinite  length.  The  resulting  phenomena  of  flow  are  per- 
fectly constant;  the  nappe,  independent  of  any  influence  of  the  water 
below  the  weir,  i>ermits  of  a  precise  determination  of  the  coefficient  in. 

Depressed  nappes  and  nappes  tcefied  underneath, — When  the  walls 
of  the  canal  in  which  the  weir  is  placed  are  not  constructed  in  such  a 
manner  as  to  maintain  free  acc(»ss  of  air  beneath  the  nappe,  the  phe- 
nomena of  discharge  become  more  complicated  and  the  form  of  the 
nappe,  remarkably  constant  in  the  case  where  it  falls  freely  over  the 
weir,  undergoes  considerable  modification,  according  to  the  amount 
of  discharge. 

When  the  head  does  not  exceed  a  certain  limit,  the  nappe  remains 
detached  fiom  the  face  of  the  weir,  imprisoning  underneath  it  a  vol- 
ume of  ail-  at  a  pressure  inferior  to  that  of  the  external  atmosphere. 
At  the  same  time  the  water  in  tlu»  space  between  the  foot  of  the  nappe 
and  that  of  the  weir  rises  to  a  level  above  that  of  the  stream  below 
the  weir.  We  have,  then,  a  species  of  free  napix*,  modified  and 
depressed  by  the  excess  of  external  x>ressure.  The  discharge  over 
such  a  sharp-crested  weir  is,  for  equal  heads,  slightly  greater  than 
over  a  true  free  nappe.  The  dilferencc*  increases  as  the  volume  of 
the  imprisoned  air  diminishes. 
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Depressed  nappes  are  not  very  stable;  the  accidental  entrance  of 
air  from  time  to  time  produces  variations  in  both  the  interior  pressure 
and  the  discharge.  When  the  air  has  entirely  disappeared,  the  nappe 
takes  a  more  definite  form,  which  may  l)e  designated  as  wetted  under- 
neath. The  overflowing  nappe  incloses  a  small  portion  of  turbulent 
water,  which  does  not  jmrtake  of  the  translatory  movement  of  the 
vein,  properl}^  speaking. 

The  occurrence  of  a  nappe  wetted  underneath  may  be  independent 
of  the  level  of  tlie  water  on  the  downstream  side  of  the  weir,  or,  on 
the  contrary,  it  may  be  influenced  by  this  level,  every  modification  of 
which  then  reacts  on  the  discharge  over  the  weir. 

The  former  is  the  case  when  the  overfall  is  followed  by  a  rapid 
which  terminates  in  an  abrupt  ressault,  below  which  tlie  flow  takes 
place  in  accordance  with  the  condition  of  the  clmnnel.  The  position 
of  the  ressault  is  without  influence  on  the  discharge,  provided  that  it 
does  not  inclose  the  foot  of  the  imppe. 

In  the  second  case — that  is  to  say,  when  the  foot  of  the  nappe  is 
moi-e  or  less  inclosed  in  the  water  in  the  channel  below  the  weir — it  is 
not  easy  to  separate  the  influence  of  the  water  in  the  channel,  for  the 
discharge  may  be  modified  although  this  water  does  not  rise  to  the 
level  of  the  crest  of  the  weir. 

Undulating  nappes. — When  the  level  of  the  water  in  the  channel 
below  the  weir  is  raised  to  the  height  of  the  weir  crest,  the  wetted 
nappe  retains  its  form  as  long  as  the  difference  in  level,  or  fall  of  the 
water  from  the  upstream  to  the  downstream  side  of  the  w^eir,  does  not 
descend  below  a  certain  limit.  Its  characteristic  profile  pei'sists, 
although  in  part  concealed  by  its  immersion  in  the  channel  on  the 
downstream  side;  but  where  the  fall  or  difference  in  level  is  progress- 
ively diminished,  a  moment  comes  when  the  nappe  returns  suddenly 
to  the  surface,  undulating  in  the  meanwhile.  This  (change,  although 
very  apparent,  does  not  exert  any  important  influ<*nce  on  the  value  of 
the  coefftcient  of  discharge. 

A(lherin<j  na2)pes. — The  forms  of  nappes  thus  far  considered  are 
those  most  ordinarily  encountered.  Another  form  exists,  which 
appears  under  certain  conditions,  in  which  the  nappe,  instead  of 
enfolding  a  small  mass  of  turbulent  water  having  no  translatory 
movement,  as  in  the  ctise  of  the  nappe  wetted  underneath,  is,  on  the 
contrary,  in  close  contact  with  the  face  of  the  weir.  It  presents  then, 
in  certain  cases,  some  interesting  particulars,  and  to  this  remarkable 
form  there  often  corresponds  a»con^iderable  increase  of  the  coefficient 
of  discharge. 

The  ensemble  of  the  jihenomena  of  discharge  is  very  complex,  and 
one  can  not  often  determine  the  discharge  of  a  weir  with  precision 
without  i>reviously  knowing  under  which  particular  form  of  napi)e  the 
discharge  takes  place.  Taking,  for  example,  a  sharp-crested  weir 
0.75  meter  (2.40  feet)  high,  we  have  shown  that  for  the  same  head  of 
0.20  meter  (0.650  foot)  the  nappe  may  assume  four  very  distinct  forms, 
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to  which  corraspond  the  followinj^:  different  values  of  the  coefficient 
m  in  the  formula  Q  =  vilh^l2gh: 

Meter. 

(1)  Free  nappe,  under  surface  always  subjected  to  atmospheric  pressure. . .  0. 438 

(2)  Depressed  nappe,  imprisoning  a  certain  volume  of  air  at  a  pressure 

below  that  of  the  atmosphere 460 

(3)  Nappe  wetted  underneath,  no  air  imprisoned,  level  of  water  on  down- 

stream side  0.12o  meter  (0.42  foot)  below  crest  of  weir .  497 

(4)  Adhering  nappe,  the  ressault  being  at  a  distance  from  the  foot  of  the 

nappe,  which  is  completely  exposed 554 

SHARP-CRESTED   WEIRS.  ^ 

Free  nappes, — When  the  nappe  in  flowing  over  a  sharp-crested  weir 
has  its  lower  surface  in  free  communication  with  the  atmosphere,  the 
only  element  which  modifies  the  coefficient  m  is  the  mean  velocity  u 
in  the  channel  leading  to  the  weir.     In  order  to  take  this  into  consid- 

.-  j.     The  formula 

becomes  then,  representing  by  //  the  modified  coefficient  ??i,~ 


i2 


or,  approximately,  considering  that(  ^^  )  i«  a  fraction  rarely  exceed- 
ing a  few  centimeters, 

Q  =  /i77*V2p(l+|a2^J (1) 

This  expression  is  not  in  a  form  convenient  for  use,  since  the  veloc- 
ity ?a  depends  on  the  discharge  to  be  determined.  If  j^be  used  to 
designate  the  height  of  the  weir  above  the  bottom  of  the  channel,  the 
water  section  of  the  canal  is  I(h+p),  and  we  have 

2(7      2gP{h+py 
or,  simply  replacing  Q  by  its  value  nilh  ^2gh,  we  have 

ii"  __  2/^  fey 

2gh'^'^   \h+pj 

Letting,  for  short,  f  ^cnn^  )  =  K,  the  above  expression  takes  the 
more  j)ractical  form 

ii  =  ,,[l+K(j^y^lhV'>gh       ....      {'2) 

^  Annales  des  Fonts  et  Chaussees.  M^moires  et  Documents,  1898,  p.  223. 
'•'  Annales  des  Pouts  et  Chaussees,  1888,  p.  417  and  following. 
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We  have  determined  the  coefficients  a,  K,  and  n  by  comparative 
experiments  on  five  weirs  of  different  lieightsJ     a  and  K  are  not  per- 

5 
fectly  constant,  but  one  may  take,  as  a  mean,  a  =77;  K=0.55.     As  to 

n,  its  value,  which  corresponds  to  the  limiting  case  of  no  velocity  of 
approach,  can  not  l)e  measured  directly,  since  it  is  impossible  to  com- 
pletely suppress  this  velocity.  Its  influence  becomes,  however,  insig- 
nificant in  a  high  weir.  The  coefficient  n  decreases  slowly  as  the  head 
increases,  as  shown  below: 

Head,  feet  =  0.164,  0.328,  ().f>56,  0.984, 1.312,  lA'AO, 

Corresponding  values  of  n  =  0.448,  0.432,  0.421,  0.417,  0.414,  0.412. 

When  h  is  over  0.328  foot,  its  value  is  represented  with  sufficient 
precision  by  the  formula 

/<=(..405+(«-^5^'^) (3) 

Adopting  for  K  the  value  0.55,  formula  (2)  l)ecomes 

,  =  .[.+0.50^^-/]       ....      (4) 


?//  •■ 


In  most  cases  where  the  head  falls  between  0.10  meter  (0.328  foot) 
and  0.30  meter  (0.984  foot),  n  nmy  be  taken  at  the  constant  value 

0.425,  and  taking  K=  ^^  simply,  the  expression  for  ///  becomes 


-0.425+0.212(4^/ 


(5) 


which  will  answer  for  all  practical  cases  where  errors  of  2  to  3  per 
cent  are  permissible.  It  is  this  coefficient  of  discharge  m,  perfectly 
determined  by  the  head  li  and  the  height  j^  of  the  weir,  which  has 
been  used  for  comparison.  Instead  of  considering  on  the  other  weirs 
the  absolute  values  of  the  coefficient  m^  we  have  compared  them  with 
the  coefficient  m'  for  a  free  nappe,  for  the  same  head  on  a  sharp- 
crested  weir  of  the  same  height.     This  substitution  of  the  ratio  —r  for 

the  absolute  values  of  711  eliminates,  in  a  large  measure  at  least,  the 
influence  of  velocity  of  approach  and  facilitates  greatly  the  discus- 
sion of  results. 

In  what  precedes,  the  upstream  face  of  the  weir  has  been  supposed 
to  1h^  a  vertical  plane.  If  it  is  inclined,  the  values  of  the  coefficient 
VI  will  be  modified.  The  coefficient  is  diminished  when  the  plane  of 
the  dam  is  inclined  upstream;  but  if,  on  the  contrary,  the  plane  of  the 
dam  is  inclined  downstream,  the  coefficient  increases  to  a  maximum 


>  Annales  des  Fonts  et  Chanssees,  M^moires  et  Documents,  mSS, 
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which  corFesx)onds  nearly  to  an  inclination  of  30°  (equals  a  batter  on 
the  back  of  If :  1).'  The  ratio  between  the  coefficients  corresponding  to 
two  different  inclinations  is  sensibly  constant  for  all  heads,  so  that 
one  may  obtain  the  coefficient  ?/*  for  a  sharp-crested  weir  at  any 
inclination  by  multiplying  by  a  constant,  or  modulus,  the  correspond- 
ing coefficient  for  a  vertical  weir,  as  is  indicated  in  the  following 
table. 

This  ratio  increases  regularly  from  an  inclination  of  45°  toward  the 
upstream  side  to  approximately  30°  toward  the  downstream  side, 
where  the  maximum  occurs,  from  which  point  the  discharge  does  not 
take  place  in  the  normal  manner,  since  the  liquid  vein  in  its  passage 
over  the  crest,  instead  of  being  freely  contracted,  is  guided  by  the 
incline  of  the  weir  on  which  it  rests  in  immediate  contact. 

ModulaH  by  which  to  maltiply  the 
coefficient  for  a  vertical  weir. 
Upstream  inclination  of  the  weir: 

1  horizontal  to  1  vertical 0.  d3 

2  horizontal  to  3  vertical    94 

1  horizontal  to  3  vertical .96 

Vertical  weir 1.00 

Downstream  inclination  of  the  weir: 

1  horizontal  to  3  vertical 1.04 

2  horizontal  to  3  vertical 1 .  07 

1  horizontal  to  1  vertical 1.10 

2  horizontal  to  1  vertical 1.12 

4  horizontal  to  1  vertical 1.09 

Sharp-crested  weirs — Xajjpes  depressed  and  wetted  underneath. — 
When  the  air  is  not  admitted  freely  underneath  the  nappe  the  phe 
nomena  become  more  complicated.  The  nappe  may  be  either  de- 
pressed, as  a  result  of  air  l>eing  imprisoned  underneath  at  less  than 
atmospheric  pressure,  or  it  may  be  wetted  underneath  without  con- 
taining any  air.  The  discharge  for  a  depressed  nappe  is  slightly  in 
excess  of  that  for  a  free  napi>e.  The  difference  may  rise  to  nearly  10 
per  cent  at  the  moment  when  the  nappe,  the  confined  air  being  nearly 
exhausted,  is  at  the  point  of  assuming  the  form  of  a  nappe  wetted 
underneath.  The  accidental  entrance  of  air  from  time  to  time  may 
vary  the  discharge  a  little.  The  wetted  nappes  are  more  uniform. 
It  is  important  to  distinguish  two  cases  according  as  the  ressault, which 
is  produced  below  the  nappe,  is  at  a  distance  from  its  foot  or  partly 
incloses  it. 

First  case — Ressault  at  a  distunce,^ — The  coefficient  ///  may  \w  de- 
duced from  the  coefficient  in'  for  a  free  nappe  by  the  relation  =^ 

7//  =  ///To.87S4.0.128J|n      .     .     .  (0) 

'  Annates  des  Fonts  et  Chaussees,  Memoirea  et  Documents,  1890,  pp.  18  to  27. 
-See  Annales  des  Fonts  et  Chauss^s,  1894,  Memoires  et  Documents, pp.  251-253, 
261,  204,265. 
^See  Annales  des  Fonts  et  Chaussees,  Memoires  et  Documents,  1894,  p.  258. 
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The  ratio  (  ^  )  can  only  have  certain  values,  as  experience  ha.s  shown 

that,  it  does  not  exceed  2.5,  because  the  form  of  napi)e  wetted  under- 
neath does  not  continue  if  the  head  is  less  than  oAp.  For  the  maxi- 
mum value 'r=*2.5,  we  have,  very  nearly,  m  =  1.2(>»//;  and  when  h=2), 

m  l)ecomes  sensibly  equal  to  m'.     Finally,  ni  is  a  little  greater  than 
m'  when  //  surpasses/). 
If  the  above  formula  l>e  applied  to  weirs  of  different  heij^hts  it  may 

be  shown  that  for  the  same  value  of  \t)  the  absolute  values  of  m  do 
not  differ  greatly  from  those  given  by  the  ecjuation' 

///=().47()+(>.()n75J^2 (7) 

whidi  permits  us  to  find  an  absolute  value  of  the  coefficient  ///  with- 
out using  the  ratio  {      -,  ). 

'^  V     III  J 

Seeo/ul  ciiHe — The  ressaulf  inrJosinrj  jiart  of  fJie  nappe.^ — It  is  neces- 
sary to  take  into  account  the  level  of  the  water  below  the  weir,  and, 
if  we  designate  by  h\  the  diffe ren(je  of  level  of  the  crest  of  the  weir 
and  of  the  water  below,  the  value  of  in  becomes^ 

m=m' fl.OfJ-hO.ir,  (^-^^'_().05  )  jH      ....     (8) 

In  this  formula  hi  is  to  bt^  taken  as  minus  when  the  level  of  the 
water  on  the  downstream  side  is  below  the  crest,  and  as  plus  when  it 
is  above  tlie  crest.  The  formula  can  only  bo  ai)plied  within  certain 
limits  of  h[.  If  the  difference  in  level  of  the  water  above  and  below 
the  weir  be  increased  a  moment  comes  when  the  ressault  is  driven 
back  from  th<^  foot  of  the  nappe  until  it  ceases  to  inclose  it  and 
changes  then  to  the  preceding  case.  This  ]mshing  back  of  the  res- 
sault takes  place  when  the  total  fall  {hA-hi)  is  approximately  e(iual  to 
f  p;  that  is  to  say,  for  a  given  head  Ji  the  greatest  admissible  value 
of  h\  is  (i i)—h).  On  the  other  hand,  when  the  head  h  is  insufficient 
to  throw  back  the  ressault  it  is  necessary  that  the  level  below  the  weir 
be  sufficient  to  sustain  the  foot  of  the  nappe  and  to  prevent  the  intro- 
duction of  air,  which  would  cause  the  nappe  to  return  to  the  depressed 
form.  The  preceding  formula  may  be  simplified  by  suppressing  the 
small  term,  O.Oo,  in  the  parenthesis,  and  for  compensation  slightly 
diminishing  the  tw^o  other  coefficients.     It  then  beccmies 


/// 


=  m'(l.Oo+0.ir)  5^) (9) 


'Annales  des  Pouts  et  Chaussees,  Memoires  et  Documents,  1894,  p.  *2r)9. 

'^  See  Anuales  des  Pouts  et  Chaussees,  Memoires  et  Documents,  1894,  pp.  280-283). 

^See  Annales  des  Pouts  et  Chaussees,  Memoires  et  Documents,  1804,  p.  284. 
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Sharp-crested  weirs — Adhering  nappes. — The  nappe  may  also  take, 
though  very^  rarely,  a  particular  form,  the  production  of  which 
depends  on  the  width  of  the  dam  and  tlie  form  of  the  upper  part  sup- 
porting the  sharp  crest.  The  nappe  becomes  completely  attached, 
without  the  interposition  of  air,  to  the  downstream  face  of  the  dam. 
The  coefficient  of  discharge  then  becomes  very  large  and  may  rise  as 
high  as  1.30  ?//,  which  corresponds  to  an  absolute  value  of  the  coefficient 
?n=0.55  or  0.50.^  Adhering  nappes  present  some  curious  particulars, 
but  as  they  only  occur  exceptionally  in  practice,  we  may  simply  refer 
to  the  special  studies  made  of  them  included  in  Annales  des  Fonts  et 
Chaussees  for  ISOl. 

Beam  n^eirs — Free  nappes. — l^eam  weirs  an*  constructed  of  square 
timlxnvs  of  the  same  cross- sectional  dimensions,  placed  one  upon 
another  to  the  desired  lieight.  The  back  and  front  faces  of  the  weir 
are  vertical  planes,  but  the  crest,  instead  of  being  reduced  to  a  sharp 
edge,  presents  a  horizontal  surface,  the  width  of  which  equals  the 
thickness  of  the  timbers.  This  circumstance  completely  modifies 
the  conditions  of  discharge,  and,  wliile  this  form  of  weir  is  readily 
constructed,  it  may,  unfortunately,  give  considerable  error  in  the 
gaugings. 

The  free  nappes  ^  appear  under  two  distinct  forms,  according  as  the 
nappe  is  in  contact  with  the  horizontal  crest  or  becomes  detached  at 
the  back  edge  in  such  a  manner  as  to  flow  over  the  crest  without 
touching  the  downstream  edge.  In  the  second  case  the  influence  of 
the  flat  crest  evidently  disappears  and  the  discharge  is  like  that  over 
a  sharp-crested  weir.  The  nappe  assumes  this  form  when  tlie  liead 
exceeds  twice  the  width  c  of  the  crest  measured  in  the  direction  of 
discharge,  but  it  may  occur  whenever  the  head  exceeds  |c.  Between 
these  limits  the  nappe  is  in  a  state  of  instability.  It  tends  to  detach 
itself  from  the  crest,  and  may  do  so  under  the  influence  of  any  exter- 
nal distur])ance,  as,  for  example,  the  entrance  of  air  or  the  passage  of 
a  floating  body  over  the  weir. 

When  the  nap^K*  adheres  to  the  crest,  the  coefficient  in  dei>end8 

chiefly  on  the  ratio  (  -  ),  and  may  be  i-epresented  by  the  formula^ 


m 


=  m'  [0.70+0. 185^"] (JO) 


m  varit»s,  as  a  consequence,  very  rapidly.     We  have, 

When  -=0.50         --,=0.70 
V  ni 


*See  Annales  des  Fonts  et  Chaussees,  Memoires  et  Documents,  1891,  series  Nos. 
40  to  51. 
*See  Annales  des  Fonts  et  Chaussees,  Memoires  et  Documents,  1891,  pp.  648-650. 
•See  Annales  des  Fonts  et  Chaussees,  Memoires  et  Documents,  1896,  p.  653. 


DEEP    WATERWAYS.  665 


''  =  1.00  "U0.8.S 

('  11  r 

Zl=i.5o  ?U<..5.8 

C  1)1 

^=2.00  "Ui.or 


>-  or  1.0  if  the  nappe  is  detached. 


When  7  exceeds  2. (K),      ,=  1.00.      It    will    be    seen    that    between 

7t  =  I  r;  and  h  =  2  r,     ,  may  vary  from  0.98  to  1.07,  or  nearly  a  tenth 

in  value,  or  it  may  remain  constantly  equal  to  unity,  according  as  the 
nappe  is  attached  to  or  free  from  the  crest. 

Very  wide  crests, — When  the  width  of  the  crest  is  considerable,  1  or  2 
meters,  for  example,^  the  linear  formula  (10)  is  still  applicable,  giving 

results  within  a  few  per  cent.  The  value  of  (  -  )  then  reduces  to  a 
few  tenths  and  the  ratio  (-,)  also  becomes  much  smaller,  so  that??? 

may  not  exceed.  0.35.     For  example,  at  a  head  of  0.45  meter  (1.476 

w 
feet)  on  a  weir  with  a  flat  crest  2  meters  wide,  -r,  =  0.755,  which  cor- 
responds to  an   absolute  value  of  ?//=  0.337.      The  formula  gives 

???. 
-,  =  0.732,  and  as  a  result  m  =  0.326. 

Effect  of  rounding  tlie  crest  at  back. — A  slight  rounding  of  the  back 
edge  of  the  crest  very  sensibly  modifies  the  discharge.  Fteley  and 
Stearns^  have  shown  that  rounding  the  back  of  edge  of  the  crest  to 
a  radius  R  augments  the  discharge  bj'  an  amount  equal  to  that 
given  by  a  head  increased  by  0.7  R.     This  is  equivalent  to  increasing 

the  coefficient  m  in  the  ratio  of  /?*  to  (h  -h  0.7  R)*  or  nearly  in  the 

R 

ratio  of  1  to  1  +  ^ .    The  radius  R  in  their  experiments  did  not  exceed 

0.039  foot,  and  it  is  clear  that  this  approximate  mode  of  correction 
will  not  apply  to  cases  where  the  radius  is  notably  greater.  We  have 
experimented  on  two  weii*s,  respectivelj'  0.80  meter  (2.624  feet)  and  2 
meters  (6.56  feet)  in  width,  with  crests  rounded  at  the  back  to  a  radius 
of  0.10  meter  (0.328  foot),  and  this  modification  has  had  the  effect  of 
increasing  the  discharge  14  per  cent  on  the  first  of  these  weirs  and  12 
per  cent  on  the  second.  A  simple  rounding  of  1  or  2  centimeters 
radius,  such  as  results  from  wear  on  timbers  of  ordinarj'  dimensions, 
is  by  no  means  negligible  from  the  point  of  view  of  the  resulting 
discharge. 

A  weir  with  a  crest  2  meters  wide  and  rounded  at  the  back  gave 
for  the  largest  head  used  in  the  experiments,  ??? -^0.373,  a  value  dif- 


'  See  Annales  dee  Fonts  et  Chaussees,  Memoires  et  Documents,  1896,  p.  678. 
*  See  Transactions  American  Society  Civil  Engineers,  1883. 
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fering  little  from  that  indicated  by  theory  for  the  case  of  a  nappe 
flowing  in  filaments  parallel  to  the  horizontal  surface  of  the  crest. 
This  hypothesis  may  not,  however,  be  realized  experimentally  in  more 
than  a  very  imperfect  manner,  as  the  surface  of  the  nappe  continually 
undulates. 

Beam  weirs  —  Nappes  depressed  aiid  wetted  undenieath, — The 
depressed  nappes  do  not  differ  greatly  from  the  free.  The  coefficient 
is  at  first  less  than  for  a  free  nappe,  but  approaches  it  progressively 
in  value  and  finally  exceeds  it  slightly.  It  differs  in  this  respect 
from  a  sharp-crested  weir,  for  which  the  coefficient  for  a  depressed 
nappe  is  always  superior  to  that  for  a  free  nappe.  It  makes  no  differ- 
ence as  to  this  whether  the  nappe  clings  to  the  flat  crest  or  is  detached 
from  it.  In  either  case  the  coefficient  differs  little  from  that,  for  a 
sharp-crested  weir.  The  effect  of  adherence  to  the  flat  crest  appears 
again  for  a  nappe  wetted  underneath,  with  this  added  difficulty,  that 
the  moment  of  detachment  underneath  the  water  is  not  apparent  and 

does  not  correspond  to  any  constant  value  of  (  ~  )•     In  other  words, 

it  may  take  place  either  preceding  or  following  the  formation  of  the 
nappe  wetted  underneath.  It  is  necessary,  in  this  re4jard,  to  distin- 
guish two  cases  according  as  the  height  p  of  the  dam  is  greater  or  less 
than  about  five  times  the  width  c  of  the  crest.  When  p  is  greater 
than  5  c,  the  nappe  detaches  itself  from  the  flat  crest  before  it  becomes 
wetted  underneath,  and  in  the  intermediate  state  does  not  differ 
greatly  from  that  for  a  ^harp-crested  weir.  When,  on  the  other  hand, 
p  is  less  than  5  c,  the  nappe  does  not  detach  itself  from  the  flat  crest 
before  becoming  wetted  underneath,  but  is  very  unstable  at  the 
moment  of  this  transformation. 

So  long  as  the  nappe  adheres  to  the  crest  this  influence  predominates 
and  formula  (10)  is  most  nearly  applicable  to  the  nappe  wetted  under- 
neath. On  the  other  hand,  when  the  nappe  is  detached  from  the  flat 
crest  the  conditions  of  discharge  approach  more  nearly  those  for  a 
sharp  crest,  to  which  formula  (6)  may  be  applied.  The  two  formulae 
give  the  same  value  when  the  head  exceeds  a  certain  limit 

For  heads  less  than  ]ti  formula  (10)  gives  values  of  ///  slightly'  too 
small,  never  differing  from  those  of  the  experiments,  however,  by  more 
than  3  or  4  per  cent.  When  the  head  exceeds  Ai,  one  must  take 
recourse  to  the  other  formula,  although  it  likewise  gives  too  small 
values.  The  difference,  rather  more  important  in  this  case,  attains  8 
percent  as  a  maximum,  after  which  it  diminishes  rapidly  for  increased 
heads.  This  maximum  corresponds  to  the  moment  wiienthe  nappe  is 
at  the  point  of  detaching  itself  from  the  flat  crest.  After  it  has  become 
detached,  the  influence  of  the  width  of  the  crest  disappears  and 
formula  (0)  applies  to  a  very  close  degree  of  approximation. 
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It  will  be  seen  that  the  flat  crest  has  the  effect  of  doubHng  each 
species  of  nappe,  in  that  two  formuljp  must  be  applied  accordiujr  as 
the  nappe  clings  to  or  is  detached  from  the  flat  surface. 

W(  irs  with  wide  crests  and  hatter  on  fhefa<'e^s. — The  phenomena  of 
discharge  become  much  more  comijlex  for  weirs,  such  as  are  often 
found  in  practice,  with  batters  of  greater  or  less  inclination  on  the 
front  an(i  back  faces.  The  influence  of  the  flat  cfest,  which  exerts 
itself  in  a  weir  built  up  of  sqnare  timbers,  is  joined  to  that  of  the 
slope  of  the  faces.  The  inclination  of  the  upstream  face,  by  reducing 
the  contraction,  has  the  elfect  of  increasing  the  discharge,  while  that 
of  the  downstream  face  has  ordinarily  the  same  effect  as  increasing  the 
width  of  the  flat  crest;  that  is  to  say,  it  diminishes  the  discharge.  The 
coefficient  //i,  then,  in  each  particular  case  depends  not  only  on  the 
head,  but  on  the  width  of  the  crest  and  the  degree  of  inclination  of 
the  faces.  It  is  therefore  exceedingly  variable,  and  each  type  demands 
a  special  study.  ^ 

Hounding  the  back  edge  of  the  c^rest  reduces  the  contraction  con- 
sidera])ly  and  may  increase  the  value  of  tn  10  or  15  per  cent.  Con- 
sidering, finally,  the  class  of  weirs  with  completely  curved  profiles, 
such  as  are  occasionally  encoiinterecl  in  hydraulic  practice,  the  value 
of  ///  may  attain  a  relatively  high  figure.  The  coefficients  for  such 
cases  have  not  been  arranged  in  comparative  tables,  but  enough  par- 
ticular cases  are  given  to  serve  as  a  guide  in  practice.  It  is  clearly 
impossible  to  establish  a  general  formula  which  shall  take  account  of 
all  the  elements  that  enter  to  affect  the  discharge. 

Drowned  weirs, — We  have  given,  in  discussing  the  experiments  on 
sharp-crested  weirs  di'owne<l  by  the  water  on  the  downstream  side,^ 
two  formula),  one  of  which  applies  to  cases  where  the  weir  is  not  deeply 
drowned.     The  other,  which  is  more  general  in  its  application,' is -^ — 


/// 


=„*'[i.os+,u8^;]^| (1.') 


in  which 

/i=head  on  civst  of  weir. 

y>= height  of  weir  above  bottom  of  stream  channel. 
/?..=difference  of  elevation  of  crest  of  weir  and  of  water  on  down- 
stream side  when  th(»  weir  is  drowned. 
z=(h-h,) 

///=  coefficient  of  discharge. 
The  two  formuhe  mentioned  have  l)een  so  established  as  to  repre- 
sent in  the  best  possible  manner  the  experiments  from  which  they 
have  been  deduced.  ^     In  cases  where  a  less  precise  approximation  will 

'  See  series  Nos.  125  to  194,  the  results  of  which  are  epitomized  hj^  groups  in  the 
tables  on  pp.  154  to  194,  Annales  des  Fonts  et  Chaussees,  Lsys. 
-  See  Annales  des  Fonts  et  Chaussees,  Memolres  et  Documents,  1894,  pp.  289-297. 
•'See  Annales  des  Fonts  et  Chaussees,  Memoir^s  tt  Documents,  p.  310,  table. 
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suffice  the  above  formula  may  be  made  uiore  applicable  by  slightly 
altering  its  coefficients  as  Inflow: 

•"=■•"»  •"■['+Kl')]i/f i"> 

This  new  expression  is  practically  equivalent  to  the  two  others  and 
gives  the  same  values  within  1  or  2  per  cent,  except  when  the  ratios 

(  -  )  and  (    -  )  are  very  small.     The  difference  may  then  l>e  as  much 

as  4  or  5  per  cent,  but  in  this  case  the  determination  of  the  coefficient 
m  is  always  very  uncertain. 

The  effect  of  drowninc:  is  not  the  same  for  a  wide-crested  weir.^ 
Raising  the  plane  of  the  water  l)elow  the  weir,  which  in  the  case  of 
a  sharp-crested  weir  affected  the  flow  on  the  upstream  side  before  the 
water  l>elow  had  reached  the  height  of  the  crest,  does  not  (»ommence 
to  take  effect  on  a  wide-crested  weir  until  after  the  level  of  the  water 
on  the  downstream  side  is  considerably  al>ove  the  crest;  and  the 
greater  the  width  of  the  crest  the  less  is  its  ultimate  effect.  In  our 
experiments  on  a  crest  2  metei's  in  width  we  have  shown  that  the 
water  on  the  downstream  side  must  rise  to  a  height  above  the  crest 

equal  to  *-  of  tlie  hea<l  7/  before  it  affects  the  level  on  the  upstream  side, 
b 

When  the  plane  surface  which  forms  the  crest  of  a  weir  is  very 

wide,  it  constitutes  a  sort,  of  channel  and,  in  a  measui'e,  as  the  length 

of  this  channel  is  increased  the  conditions  of  discharge  depart  from 

those  whicli  pertain  to  a  weir,  properly  speaking,  and  approach  those 

for  a  channel  with  a  horizontal  l)ottom. 

The  Cornell  University  Experiments. 

At  the  beginning  of  the  study  of  Bazin's  work  it  was  the  author's 
opinion  that  his  coefficients  could  })e  fairly  extended  to  depths  on  the 
crest  of  about  4  feet  without  material  error,  and  on  this  basis  the 
original  discharge  curves,  plates  107  to  126,  inclusive,  were  worked  out 
in  the  manner  already  described.  On  further  study,  however,  it 
seemed  probable  that  some  of  his  series,  especially  Nos.  130  and  135 
and  a  few  others,  might  be  somewhat  too  high  for  deep  flows,  for  the 
reason  that  at  depths  on  tlie  crest  from  0  up  to  about  0.6  foot  to  1.0 
foot  the  nappes  were  depressed  and  adherent,  and  above  0.0  foot  to  1.0 
foot  were  w(»tted  underneath,  thus  indicating  that  probablj'  the  con- 
ditions of  the  experiment  were  .si»<'h  as  not  to  insure*  fi'ee  admission  of 
air  beneath  the  nappe,  this  condition  leading  to  higher  flows  than 
would  oecur  with  air  freely  admitte<l. 

Again,  IJazin's  weirs  wei*e  constructed  with  elosed  fronts,  thus  offer- 
ing an  opportunity  for  adhering  nappes,  while  in  actual  practice,  for 


'  See  Annales  des  Pouts  et  Chaussees,  lSiK5. 
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sections  corresponding  to  series  Nos.  130  and  135,  the  water  generally 
flows  over  a  lip,  the  nappe  dropping  into  a  free  air  space  l)elow.  This 
general  condition  is  illustrated  by  the  dams  sho\\ni  on  plates  110, 115, 
122,  and  others.  The  conditions  at  the  ends  of  such  dams  are  such  as 
to  usually  permit  admission  of  air. 

On  April  14,  1899,  the  author  visited  the  new  Cornell  University 
Hydraulic  Laboratory  and  at  once  saw  that  a  fine  opportunity  was 
offered  there  to  experiment  on  flows  over  weii-s  at  much  higher  heads 
than  had  hitherto  been  possible,  and  on  communicating  his  views  to 
your  Board  he  was  permitted  to  undertake  a  series  of  experiments  in  co- 
operation with  the  un  ivei*sity  authorities.  Messrs.  Wallace  Greenalch, 
Robert  E.  Ilorton,  and  George  K.  Cook  were  detailed  from  the  engi- 
neering corps  for  this  work,  which  was  done  in  cooperation  with  Prof. 
Gardner  S.  Williams,  engineer  in  charge  of  the  hydraulic  laboratory, 
permission  to  use  the  same  having  been  obtained  by  correspondence 
with  Prof.  E.  A.  Fuertes,  director  of  the  Cornell  University  (College 
of  Civil  Engineering.  The  author  gave  the  experiments  general  super- 
vision, the  working  out  of  the  details  being  mostly  left  to  Mr.  Greenalch 
and  Professor  Williams,  Mr.  Greenalch  undertaking  to  construct  the 
necessary  flumes,  bulkheads,  experimental  weirs,  etc.,  and  Professor 
Williams  preparing  and  taking  charge  of  the  measuring  apparatus. 

Plate  131  gives  a  plan  and  section  of  the  experimental  channel  at  the 
Cornell  University  hydraulic  laboratory.  This  laboratory  has  been 
quite  fully  described  in  Engineering  News  for  March  2,  1899,  and  no 
further  description  will  be  made  here  than  necessary  to  explain  the 
experiments. 

DESCRIPTION   OF  THE   ARRANGEMENTS   FOR  THE  EXPERIMENTS. 

The  canal  in  which  the  experiments  were  made  consists  briefly  of 
a  channel  with  sides  and  bottom  of  concrete,  418  feet  long,  16  feet 
wide,  and  10  feet  deep.  The  grade  of  the  bottom  of  the  channel  is 
at  the  rate  of  1  foot  in  500.  A  bulkhead  composed  of  12  by  12-inch  tim- 
bers, situated  about  60  feet  from  the  upper  end,  divides  the  channel 
into  two  chambers.  A  standard  sharp-edged  weir,  16  feet  in  length, 
was  placed  on  this  bulkhead,  the  crest  of  the  weir  being  13.13  feet 
above  the  bottom  of  the  channel.  The  upper  chamber  above  the  bulk- 
head has  higher  side  walls  than  the  lower  chamber,  which  admitted 
of  a  depth  of  17.7  feet  of  water.  At  the  lower  end  of  the  channel 
another  timber  bulkhead  closes  the  lower  chamber,  and  on  which  the 
weirs  to  be  experimented  upon  were  built.  The  top  of  this  bulkhead 
was  about  4.8  feet  above  the  bottom  of  the  channel.  The  heights 
vary  slightly  for  ea(;h  experimental  weir,  the  exact  height  of  each 
weir  being  shown  on  the  sections  at  the  head  of  the  tabulations  of 
results. 

In  order  to  obtain  heads  on  the  lower  weir  of  about  5  feet,  the  16- 
foot  (*hannel  was  narrowed  to  a  width  of  6.56  feet  (2  meters)  by  means 
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of  H  wooden  flume,  as  shown  on  plates  131.  This  flume  was  6.50  feet 
wide  for  a  distance  of  48  feet  above  the  lower  bulkhead  and  then 
expanded  to  a  width  of  10  feet  in  a  lenj^th  of  8.3  feet,  as  shown.  The 
flume  was  construc'tpd  of  matched  white-pine  boards  1.75  inches  thick, 
planed  on  the  inside  and  held  in  i>lace  by  bents  of  4  by  4-inch  timljers. 
As  the  lower  bulkhead  was  water-ti^ht  for  the  whole  width  of  the 
channel,  no  attempt  was  made  to  construct  the  sides  and  bottoms  of 
the  flume  absolutely  water-tight,  although  they  were  practically  so. 
Inasmuch  as  nearly  equal  water  pressure  on  both  sides  of  the  flume 
would  permit  of  greater  economy  in  construction,  two  boards  were 
left  off  on  each  side  at  the  upper  end,  thus  allowing  water  to  enter  at 
the  sides  between  the  flume  and  the  concrete  walls  of  the  main  canal. 
This  arrangement  also  gi*eatly  diminished  the  area  of  water-tight 
work.  The  sides  of  the  flume  were  extended  from  8  to  24  feet  l>elow 
the  bulkhead,  acconling  to  the  form  of  weir  experimented  on,  thus 
preventing  lateral  expansion  of  the  nappe  after  passing  the  weir  and 
crest.  Openings  were  left  in  each  side  of  this  extension  below  the 
level  of  the  crest  in  order  to  certainly  allow  free  access  of  air  under 
the  nappe.  The  vertical  fall  of  the  water  from  the  crest  of  the  experi- 
mental weir  to  the  rock  below  was  about  12.2  feet. 

There  is  a  pond  of  22  acres  area  above  the  main  reservoir  dam,  the 
surface  of  which  was  raised  about  1.7  feet  by  means  of  flash  boards 
placed  in  the  main  spillway.  The  water  surface  thus  obtained  was 
about  5.4  feet  above  the  ci-est  of  the  standard  weir.  Water  from  the 
reservoir  was  admitted  into  the  upper  chamber  through  six  wooden 
sluice  gates,  operated  by  rack-and-pinion  apparatus  with  long  levers. 

The  sharp-edged  standard  weir  Avas  composed  of  a  3.5  by  5  inch 
steel  angle,  secured  by  lag  screws  to  a  0  by  12  inch  oak  timber,  as 
shown  on  plate  131.  After  bolting  the  angle  iron  into  place  on  the 
timber  the  edge  of  the  5-inch  leg  was  planed  and  dressed  to  a  true 
line  five-sixteenths  of  an  inch  in  width  and  carefully  leveled  in  i>osi- 
tion  on  the  upper  bulkhead.  Air  was  freely  admitted  under  the  nappe 
by  means  of  deflecting  boards  at  each  end  of  the  weir,  as  shown  on 
plate  131.  The  fall  of  the  water  from  the  crest  of  the  st^indard  weir 
to  the  water  surface  in  the  lower  chamber  varied  from  about  3  to  8 
feet,  according  to  quantity  of  water  flowing. 

The  velocity  of  the  water  passing  through  the  regulating  gates  at 
the  extreme  head  of  the  channel  was  checked  by  three  screens  in  the 
upper  chamber.  The  first  two  consist<jd  of  4  by  12  inch  timbers 
placed  horizontally  with  the  wide  face  toward  the  current  and  spaced 
from  8  to  12  inches  apart.  Below  these  was  a  third  screen  of  one- 
quarter-inch  mesh  galvanized  wire  netting.  A  screen  composed  of  1 
bj'  8  inch  boards  laid  horizontally  with  the  edges  to  the  current  and 
spaced  2  inches  apart  was  placed  about  20  feet  below  the  upper  bulk- 
head, and  served  to  quiet  the  water  in  the  lower  chamber. 
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The  heads  of  the  weirs  were  measured  by  means  of  piezometers 
constructed  as  follows:  A  1-inch  galvanized-iron  pipe  with  holes  one- 
quarter  inch  in  diameter  and  spaced  G  'inches  apart  was  laid  across 
the  channel  about  8  inches  above  the  bottom,  with  the  holes  therein 
opening  downward.  Connections  with  these  pipes  were  made  by 
three-quarters-inch  pipes  passing  through  the  bulkhead  to  a  i>oint 
below  the  weir,  where  the  gauges  could  easily  be  connected  by  rubber 
hose.  The  gauges  were  glass  tubes  three-quarters  inch  internal  diam- 
eter, mounted  on  wooden  standards,  and  read  by  a  scale  graduated  to 
2  millimeters  spaces.  Three  piezometers  were  set  at  each  weir,  as 
shown  on  plate  131,  though  readings  were  taken  only  on  the  upper 
two.  In  order  to  check  the  accuracy  of  the  piezometric  readings, 
after  the  conclusion  of  experiment  No.  17  a  fourth  piezometer  pipe 
was  set  in  the  bottom  of  the  flume  alwve  the  lower  bulkhead  and  about  6 
inches  upstream  from  the  upper  piezometer.  This  pipe  was  set  with 
one-quarter-inch  holes  directly  on  top  and  with  the  top  of  the  pipe 
flush  with  the  bottom  of  the  flume.  Readings  were  taken  simultane- 
ously on  both  piezometers  and  considerable  differences  noted. 

At  the  lower  weir  the  height  of  the  flowing  water  in  the  flume  and 
of  the  still  water  behind  the  flume  was  read  on  scales  marked  on  the 
side  of  the  flume.  These  scales  were  divided  to  0.05  foot  and  read  by 
interpolation  to  0.01.  Similar  gauges  were  set  in  the  upper  chamber 
and  in  the  reservoir,  and  readings  of  each  taken  every  five  minutes. 

In  addition  to  the  gauge  board  in  the  upper  chamber,  a  float  gauge, 
read  by  dial  to  0.01  foot,  was  set  directly  over  the  upper  piezometer. 
The  float  of  this  dial  gauge  was  a  heavy,  sheet-tin,  air-tight  vessel, 
weighted  with  shot  and  caused  to  move  vertically  with  the  water  in 
the  interior  of  a  length  of  8-inch  cast-iron  pipe  susi)ended  from  two 
timbers  across  the  upper  channel.  The  dial  was  placed  in  such  posi- 
tion as  to  be  easily  read  by  the  assistants  operating  the  gates  at  the 
upper  end  of  the  cliannel,  thus  insuring  that  the  depth  over  the 
standard  weir  be  easily  maintained  at  substantially  a  constant  head, 
as  required. 

The  experimental  weirs  of  different  sections  were  all  made  of  planed 
white-pine  boards  about  1  inch  thick,  so  fastened  together  with  screws 
as  to  be  easily  removable.  Leakage  from  the  bulkheads  and  gates  at 
the  lower  end  of  the  channel  was  effectively  stopped  l)y  calking 
with  oakum  and  pitch  and  also  by  the  application  of  wheat  bran  from 
time  to  time. 

Observations  showed  that  the  upper  bulkhead  was  practically  water- 
tight, but  at  the  side  gates,  near  the  lower  bulkhead,  there  was  a 
slight  leakage,  which  has  been  taken  at  one-half  a  cubic  foot  per 
second  for  high  heads  and  one-quarter  of  a  cubic  foot  per  second 
for  low  heads,  and  proportionally  between.  The  main  channel,  with 
side  walls  of  concrete,  is  considered  to  be  water-tight. 
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The  foregoing  allowances  for  leakage  are  taken  to  cover  the  slight 
evaporation  and  absorj^tion  loss  into  the  sides  of  the  main  channel. 


REDUCTION   OF  THE   EXPERIMENTS. 

The  method  of  conducting  the  experiments  was,  in  general,  as  fol- 
lows: The  main  head  gates  at  the  entrance  to  the  canal  were  opened 
to  such  a  width  that  the  dial  gauge  showed  a  head  of  3  feet  above  the 
standard  16-foot  weir.  They  were  retaine<l  in  this  position  uhtil  a 
uniform  regimen  of  flow  was  established  in  the  canal  and  maintained 
for  a  lieriod  of  from  ten  to  twenty  minutes,  during  which  time  the 
piezometers  were  read  at  both  weirs  at  intervals  of  thirty  seconds.  At 
the  close  of  such  a  period  the  head  gates  were  lowered  until  the  dial 
gate  showed  a  reading  of  2.5  feet  head  on  the  upper  weir,  suflicient 
time  Ijeing  allowed  to  elapse  to  establish  and  maintain  a  new  regimen 
of  flow  the  same  as  l)efore.  In  this  way  piezometric  observations 
were  taken  during  several  periods  at  different  heads  in  each  experi- 
ment, usually  terminating  with  a  head  of  about  6  inches  or  1  foot  on 
the  upper  weir.  In  some  cases  the  varying  of  the  head  on  the  upper 
weir  by  uniform  decrements  of  0  inches  was  not  adhered  to. 

The  method  of  treating  the  piezometric  readings,  obtained  as 
described  in  the  preceding  paragraph,  is  shown  on  plates  132  and  133. 
On  plate  132  the  upper  cui-ve  shows  the  readings  taken  at  the  upper 
weir  (h)  feet  in  length)  and  the  lower  curve  the  readings  taken  at 
the  lower  experimental  weir  for  experiment  No.  14  on  the  Rexford 
Flats  Dam.  These  two  curves,  as  plotted,  show  the  actual  i-eadings 
taken,  in  centimeters,  without  corrections  of  any  sort  or  kind.  The 
several  periods  (A — A)  of  the  upper  curve  and  the  corresponding 
periofls  (B  —  B)  of  the  lower  curve  represent  the  actual  periods  taken 
in  the  reductions  for  each  height  experimented  ujwn.  A  mean  of  the 
actual  readings  for  these  i^eriods  has  been  taken  a«  the  mean  head 
during  each  experimental  perioil. 

On  plate  133  we  have  a  plotting  of  similar  curves  for  experiment  No. 
20  on  sharp-crested  weir,  made  June  10,  1890.  The  explanations  for 
plate  132  apply  equally  to  this  plate.  Attention  may  be  directed  to 
the  method  of  exhibiting  the  continuous  curve  of  flow,  as  shown  on 
plates  132  and  133.  Its  use  in  the  present  ca&e  is  to  be  credited  to 
Prof.  Gardner  8.  Williams,  engineer  in  charge  of  the  Cornell  University 
Hydraulic  Laboratory-.  The  author  has  never  seen  it  used  before, 
and  if  it  is  original  with  Professor  Williams  he  is  entitled  to  very 
great  credit  for  this  particular  feature  of  the  experiments. 

In  order  to  calibrate  the  upper  weir  (10  feet  in  length),  and  thereby 
<letermine  the  quantity  of  water  flowing  in  the  lower  canal  and  over 
the  experimental  weirs,  experiments  Nos.  20  and  21  were  made.  These 
experiments  apply  to  a  sharp-ci-e^ted  weir  of  standard  form,  5.20  feet 
in  height,  placed  in  the  lower  end  of  the  canal.  As  a  basis  for  the 
reduction  of  experiments  Nos.  20  and  21  a  discharge  curve  has  been 
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computed  for  the  upper  weir  (IG  feet  in  lenjirtli)  for  heads  up  to  0.6 
meter  (l.lMjU  feet),  using  Bazin's  formula, 

q=mliiv/::77IT; 

M=.[i+...5o(^!j^y] 

in  which 

Q=<lischarge  over  weir,  in  cubic  feet,  per  second; 

/<=observed  head  on  crest,  in  feet; 

//,=  correction  for  velocity  of  approach; 

H=he{id  on  weir  corrected  for  velocity  of  approach  =  h+hy; 

///  =  coefficient  of  discharge  in  the  formula  mlh  ^"Jtjh; 

M  =  coefficient  of  discharge  in  the  formula  MLIIv^2(/II; 

C=coefficient    in   the   Francis   formula  C  =  M  \^l*(/,    when   cj   is 

expressed  in  feet; 
7>= height  of  crest  of  weir  above  bottom  of  channel  of  approach, 

in  feet; 
n=i\  coefficient  which  depends  on  p  and  /i,  and  which  has  teen 
taken  from  Bazin's  table.  ^ 
In  the  reduction  of  experiments  Nos.  20  and  21  the  mean  readings 
of  the  middle  piezometer  at  the  upper  weir  (IG  feet  in  length)  were 
added  to  the  difference  of  elevation  of  the  gauge  zero  and  of  the  mean 
crest  as  a  basis  for  computing  the  flow  in  the  upper  channel.     The 
discharge  corresponding  to  the  heads  so  obtaineil  was  then  taken  off 
of  the  discharge  curve  computed  from  Bazin's  formula  for  all  the 
periods  in  which  the  observed  head  was  less  than  0.6  meter  (1.0G9  feet). 
The  approximate  connection  to  be  applied  for  velocity  of  approach  to 
the  standard  weir  was  then  (»omputed,  as  follows: 
Let  H=the  true  head  on  the  crest  of  the  weir,  in  feet; 
//=the  observed  head,  in  feet; 

(Ji,= discharge  over  the  weir  under  the  head  /i,  per  linear  foot  of  crest ; 
(^=discharge  under  the  liead  IT,  per  linear  foot  of  crest;  and 
Y>= height  of  weir  crest  above  channel  bottom,  in  feet. 
Then  velocity  of  approach=r=  V2(j  (H — //), 
also, 

;,.=(H-;.)=5;=(^yx  ^   ....   (2) 

Qh  being  determined  from  the  discharge  curve,  an  approximate 
value  of  V  and  of  the  cori^esponding  velocity  head  was  computed 
aiul  the  approximate  value  of  the  velocity  head  so  obtained  added  to 
the  observed  head  /i,  which  was  used  in  determining  Q,  r,  and  (H — h) 
with  more  precision.  (Tenenilly  two  successive  applications  of  these 
formula?  were  found  suffi(»ient  to  determine  the  velocity  head  with 

'  See  Annales  des  Fonts  et  Changs  ea,  Mf  moires  et  Documents,  1888,  p.  446. 
H.  Doc.  149 4:J 
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tlio  desirod  degree  of  aeoura<*y.  In  this  way  tlie  final  corrected  head 
H  =  (//-|-/^)  was  obtained.  After  applying  a  correction  for  leakage, 
percolation,  and  surface  evaporation,  tlie  corresponding  discharges 
by  Bazin's  forninla  have  been  nsed  in  determining  the  coefficients  for 
the  sharp-crested  experimental  weir  (<*).53  feet  in  lengtli)  for  heads  up 
to  3.0  feet,  as  produced  by  heads  not  exceeding  2  feet  on  the  upper 
weir  (U)  feet  in  lengtli). 

The  foregoing  correction  for  velocity  of  approach  is  merely  the 
addition  to  the  observed  heads  of 

as  determined  for  the  actual  flows  of  eacli  experiment.  Messrs. 
Fteley  and  Stearns  have  experimc»nted  on  the  effect  of  velocity  of 
approach,  especially  with  reference  to  that  part  of  it  represented  by 
the  vis  viva  of  the  water,  and  state  in  their  classical  paper  in  the  trans- 
actions of  the  Ameri(?an  Society  of  Civil  Kngineers  for  January,  Feb- 
ruary, and  March,  1883,  that  for  the  conditions  of  their  experiments 
corrections  of  velocity  of  approach  to  l)e  added  to  the  observed  heads 
are  best  represented  by 

1.45  to  1.50  x(  !y^  ) 

The  problem  of  correction  for  velocity  of  approach  is  discusseil  at 
lengtli  by  Hamilton  Smith  in  his  Hydraulics,  thec<mclusion  IxMngthat 
for  a  weir  with  full  contraction  and  having  an  unobstructed  channel 
of  considerable  length  the  correction  should  be  al>out 

l.llol.2.5x(  2^) 
For  end  contractions  suppressed  lu*  adopts  the  values 

In  the  present  case  it  has  seemed  prt^ferable  to  use 

altliough  the  entire  suppression  of  end  contractions  might  appear 
to  indicate  a  higher  correction  for  the  velocity  of  approach.  This 
Aiew,  however,  is  based  upon  other  considerations,  namely,  the  actual 
locations  of  the  piezometers. 

Messrs.  Fteley  and  Stearns  have  pointed  out  that  for  standard 
shari)-crested  weii*s  the  head  shouhl  be  measured  about  0  feet  back 
from  the  crest;  but  in  the  present  ca.se  the  heads  have  been  measured 
much  farther  back.  At  the  upper  H'-foot  vro'iv  the  heads  were 
measured  at  the  middle  piezometer  for  all  exi)ei'iments  except  Nos.  1, 
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2,  8,  and  4,  for  which  they  were  measured  at  the  upper  piezometer. 
These  latter  observations  have  been  reduced  to  the  basis  of  the  middle 
piezometer,  which  was  10  feet  back  from  the  weir,  by  methods  to  be 
detailed  further  on. 

At  the  lower  or  experimental  well's  the  heads  were  measured  for  all 
experiments  at  the  upper  piezometer,  :js  feet  above  the  bulkhead,  on 
which  was  placed  the  experimental  weirs.  'J'his  location  was  selected 
in  order  to  insure  the  piezometers  being  well  above  the  long  back 
slopes  of  experiments  Nos.  -J,  3,  14,  lo,  and  10,  or  an}' other  similar 
series  which  it  might  appear  desirable  to  make. 

Messrs.  Fteley  and  Stearns  remark  tliat  the  only  inaccuracy  to  come 
from  measuring  the  heads  more  than  (5  feet  back  will  be  that  due  to 
surface  slope.  We  will  now  examine  as  to  the  possible  effect  of  this 
in  the  present  case. 

For  an  observed  head  of  2.093  feet  on  the  standaixl  UVfoot  weir 


and 

1.33 


i    =0.013  foot (a) 

2y 

(Q=^>.<^1'  foot (b) 


The  diffei-ence  of  0.004  foot  is  far  enough  within  the  limit  of  accu- 
racy to  l)e  negligible. 

The  corresponding  observed  head  on  the  exi^erimental  weir,  G.56 
feet  in  length,  is  4.077  feet,  giving 

^^^=0.108  foot (c) 

also 

1.33  A- J=0.270foot (d) 

The  difference  is  0.072  foot. 

A  h 

Taking  the  formula  7' --^CV/.s,  in  which  r=pand  «<c--:y,  and  with/ 

equal  to  (38— 0)  =  32  feet — the  distance  V)et ween  where  the  piezcmieter 
should  have  been  to  comply  with  theoretical  conditions  for  a  stand- 
ard weir  and  where  it  was  actually  set — and  com])uting  for  lu  under 
a  head  of  4.077  feet  on  the  experimental  sharp-crested  weir  0.50  feet 
in  length,  we  find 

/*, =0.001  foot, 

whicli  differs  from  the  preceding  difference  of  0.072  foot  by  0.011  foot. 
At  slightly  lower  heads  this  difference  disappeai's  so  rapidly  as  to 
become  inappreciable,  so  far  as  effect  on  the  coefficients  of  discharge 
is  concerned. 
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It  was  foiiehuied,  thon*f()iv,  that  for  the  coiulit  ions  of  t  he  preseut  ease 

gave  more  nearly  the  true  correction  than  any  other  accepted  formula. 
Final   coefficients  of  discharge   for  tlie   several  weirs  have   been 
obtained  from  the  formula 

LIT* 
in  which 

Q=tot^l  flow  over  experimental  weir,  in  cubic  feet  in^r  second; 
L=length  of  crest  of  experimental  weir,  in  feet;  and 
H  =  final  corrected  head  on  experimental  weir,  in  feet. 
Q  having  been  x)reviously  foun<l,  If  was  determined  from  the  mean  of 
the  readings,  for  each  period  of  experiment,  of  a  piezometer  connected 
to  a  horizontal  tube  placed  flush  with  tlie  bottom  of  the  channel  of 
approach.     The  correction  for  velocity  of  approach  was  then  com- 
puted by  tlie  formulas  just  given,  using  appropriate  values  of  })  and 
hy  Q  Ixnng  known  from  the  previous  work,  as  described. 
The  values  of  the  coefficients  M  and  C  connected  by  the  i-elaticm 

C  =  M  V'2(j 
having  been  determined  for  t  he  act  ual  heads  deduced  from  the  experi- 
ments, the  values  of  C  so  obtained  were  plotted  and  a  mean  curve 
drawn  to  best  represent  the  observations.  A  new  series  of  coeffi(Ments 
advancing  by  equal  increments  of  H  have  been  read  from  the  curve 
so  obtained,  as  shown  by  the  tabulations  of  the  experiments  Nos.  1 
to  21,  on  pages  078  to  OHO,  following. 

Values  of  Q  =  the  discharge  per  lineal  foot  of  crest  have  }>een  com- 
puted by  the  formula 

(^=('11^ 

Having  obtained  the  discharge  over  the  sharp-crested  experimental 
weir  (O.o3  feet  in  length)  for  hea<ls  up  to  :{.5  feet,  the  curve  of  dis- 
charge for  the  standard  weir  (10  feet  in  length)  was  ext<Mided  to  the 
height  of  .'3  feet  by  using  the  coefficients  obtained  as  just  described. 
Plate  V'U  gives  this  curve,  as  well  as  the  (correction  curve  to  be  applied 
to  observed  heads  for  velocity  in  the  channel  of  approach  to  the 
standard  weir  10  feet  in  length.  The  additional  experiments  made 
on  a  sharp-crested  weir  at  heads  above  .'3.5  feet  were  then  reduced  in 
precisely  the  same  nmnner  as  b.»fore,  giving  finally  a  series  of  coeffi- 
cients of  discharge  over  a  sharp-creste<l  weir  with  a  range  of  heads 
from  ().74<)  foot  to  4.874  feet.  The  discharge  curve  so  obtained  is 
exhibited  on  plate  1-35,  where  it  has  been  extended  to  a  head  of  0  feet. 

The  method  employed  in  reducing  the  experiments  on  weirs  having 
crests  of  irregular  profile  is  the  same  as  for  the  sharp-crested  weir, 
with  the  following  exceptions: 

In  addition  to  the  piezometri<»  observations,  direct  observations  of 
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the  head  on  each  weir  were  taken  on  gauge  boards  situated  above 
the  standard  and  experimental  weirs,  respectively.  The  agreement 
between  the  heads  so  derived  and  those  reduced  from  the  mean 
piezometric  readings  is  close  in  all  cases,  with  the  exception  of  the 
observed  heads  on  the  experimental  weir  in  experiments  Nos.  1,  2,  3, 
and  4.  Without  going  into  the  detail,  it  may  be  stated  that  for  these 
four  experiments,  which  were  the  fii'st  made,  the  heads  directly 
observed  on  the  gauge  boards  are  apparently  the  more  reliable,  and 
they  have  accordingly  been  used  in  reducing  these  four  experiments. 

Again,  in  experiments  Nos.  1,  2,  3,  and  4,  no  observations  were 
taken  on  the  middle  piezometer  at  the  standard  IG-foot  weir.  In  order 
to  reduce  the  observed  heads  as  actuallj*  taken  on  the  upstream 
piezometer  at  this  weir  to  equivalent  heads  on  the  middle  pie- 
zometer, a  correction  has  been  applied,  the  value  of  which  was 
obtained  as  follows:  Plotting  the  difference  between  the  readings  of 
the  upper  and  middle  piezometers  as  ordinates  for  all  experiments  in 
which  readings  were  taken  on  both,  and  using  the  observed  heads  on 
the  upstream  piezometer  as  abscissas,  a  mean  curve  has  been  drawn, 
from  which  the  connection  to  be  applied  to  any  reading  on  the  upstream 
piezometer  can  be  read  directly.  This  curve  is  shown  on  plate  130. 
The  reason  for  using  the  readings  of  the  middle  in  preference  to  those 
taken  on  the  ui^stream  piezometer  at  the  standard  IG-foot  weir  is 
that  the  former  agree  more  closely  on  the  whole  with  the  readings  of 
the  gauge  lK>ard;  also  the  middle  piezometer,  which  is  only  10  feet 
distant  from 'the  bulkhead,  on  which  the  standard  16-foot  weir  was 
located,  is  more  nearly  at  the  proper  distance  from  the  weir  than  the 
upstream  piezometer,  which  is  25  feet  distant  from  the  weir.  More- 
over, the  upstream  piezometer  was  situated  so  far  back  from  the 
standard  weir  as  to  l)e  evidently  disturbed  somewhat  by  the  entrance 
velocity  of  the  water  in  th<*  leading  channel. 

With  the  exception  of  experiments  Nos.  IS,  10,  2(),  and  21,  the  read- 
ings at  the  exi>eri mental  ^^"eir  were  taken  from  a  x>iezometer  i)laced 
horizontally  across  th(^  channel  of  approach  at  a  height  of  aliout  H 
inches  above  the  bottom.  In  order  to  reduce  the  readings  from  this 
piezometer  to  the  ecjuivalent  readings  from  piezometer  placed  flush 
with  the  bottom  of  the  channel  a  correctitm  curve  has  been  deduced 
in  the  following  manner:  In  experiments  Nos.  18  and  10  observations 
were  taken  from  both  the  flush  piezometer  and  from  one  situated  8 
inches  above  the  bottcmi.  Plotting  the  differences  between  the  read- 
ings of  these  two  piezometers  corresponding  to  given  heads  on  the 
standard  weir  as  ordinates,  and  using  the  ob.served  heads  on  the  stand- 
ard weir  as  abscissas,  a  mean  curve  has  been  drawn  from  which  a 
correction  to  be  applied  in  any  ciise  can  W  rea<l  directly.  This  curve 
is  shown  by  i)late  137. 

In  regard  to  the  use  of  tliis  correction  curve  it  may  be  pointed  out 
that  the  error  resulting  from  the  use  of  a  piezometer  placed  otherwise 
than  flush  with  the  bottom  or  side  of  the  channel  is  a  function  of  the 
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velocities  in  the  channel  of  approach.  Inasiniicli  as  tlie  dischar^ng 
(*apacities  of  weirs  of  difTerent  sections  vary  jrreatly  under  the  same 
lieads,  the  velocity  of  approadi  at  any  ji^ivcn  head  will  dei)end  both 
upon  the  height  P  of  the  weir  and  on  the  coel!icient  of  discharge  for 
the  particular  head  ajid  section  of  weir  considenMl.  Unfortunately 
the  data  obtained  were*  insufficient  to  enabh*  th(»  elTect  of  thest*  ele- 
ments to  be  taken  into  consideration  separately.  Hence,  the  c*orrec- 
tions  obtained  from  the  mean  curve  of  plate  \'^7  must  be  considertnl  a.s 
approximate  only.  Some  of  the  deviation  of  th<»  experimental  coeffi- 
cients from  the  mean  coefficient  curves  may  un<loubte<lly  beattribute<i 
to  th(»  uncertainty  as  to  just  the  i: roper  value  of  this  correction. 

On  i)late  13S  we  have  included  the  coeffici(^nt  <Mirves  finally  lixe<.l 
upcm  by  the  foregoing  discussion  for  the  experiments  Nos.  1  to  ll>, 
inclusive.  The  coefficient  curve  for  (»xi)eriments  Xos.  2(>  and  Hi  on 
the  standanl  sharp-crested  weir  <i.o:j  feet  in  lenjrth  is  shown  on  plate 
1.15.  These  curves  are  so  self-explanatory  as  to  render  extende<l 
description  unnecessary. 

The  followinjr  tabulations  jjrive  the  results  of  theCiu^nell  University 
expfM'iments.  In  column  (I)  of  these  tabh»s  we  have  the  heads  in  feet, 
as  read  fnmi  the  coefficient  curves  of  plate  l-^"**,  column  (3)  giving  the 
discharge  [)er  linear  foot  of  crest  in  cubi<*  fe(»t  per  second,  (•oliinin 
(-)  gives  values  of  the  coeffi<Ment  />/. 

CORNELL  rXlVERSiTY  EXPERIMENT  NO.  1-BAZINS  SERIES  NO.  iai>-MAY  aM«9B.> 


0.35 


[Length  of  rr«'.«*t,  «i..>H  to.it. 


Head.ia 
ff'Ht. 

(1) 

IH. 

k2) 

(,)  i>er  t<M)t. 

n..-> 

0.  41K4> 

\.'^V 

1.0 

(».4:is5 

:j.44 

1.5 

0. 447:* 

♦i.  5SI 

:.'.«» 

n.4<;'.«s 

in.trfi 

2.5 

0. 4.5JW 

14.59 

:3.«i 

n.  4.>5 

lU.  13 

'.)  5 

0. 4^-)S*< 

24  25 

4.n 

n.4(il(( 

2S».  «VH 

4  5 

0.44Ci'> 

:t5.  4<) 

.}.  n 

0.  4»ii-» 

U.4« 

5 . 5 

0.44tii 

47.S.1 

li.O 

(».  4»e-) 

5».  .54 

Nuiiil>er  of  oxjKTimcuts,  7. 
Limitim^  liead-.  1.1:*  ftvft  and  4  s»7  fe^t. 


'  For  a  <-on<lderal>ie  extension  of  the.se  exiieriment**  see  Trans.  Am.  SrxvC.E..  Paper  No.**4, 
< >n  the  Flow  of  Water  Over  Dams.  Vol. XLIV,  D»Men)l»pr. U*«i<» 
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CORNELl^  UNIVERSITY  EXPERIMENT  NO.  2-BAZINS  SERIES,  NO.  135-MAY  iM,  1899. 

[Length  of  <-re8t,  0.58  feet] 


Heuil,  in 
feet 

lit. 

g  p«T  foot. 

(1) 

i2) 

(3) 

0.  :> 

0.  44112 

1.15 

1.0 

0. 428.5 

:j  44 

1.:. 

0. 4474 

«.  5» 

2Ji 

0. 4otW 

10.  :i5 

-'.  5 

0.  Arm 

14..W 

li.O 

0. 45S5 

I».  12 

;t.5 

0.45JW 

24  15 

4.<i 

0. 4^il5 

21*.  tut 

4.5 

0.4*UJ5 

;J5.40    ! 

5.0    ' 

0.4625 

41.4(i 

5.5 

0.4«25 

47.  H4 

(5.0 

0. 44125 

r>4.54 

1 

NumlxT  of  experiuientK.  7. 

Limitintf  liea<l»,  0.341  foot  and  5.o5  feet. 

CORNELL  UNIVERSITY  EXPERIMENT  NO.  :J-MaY  2»>,  1899. 
[Lonjfth  of  crest,  »».58  feet.  J 


liead,  in 
feet. 

III 

Q  per  ifxit. 

U) 

(2) 

C.h 

0.5 

0.412 

1.18 

1.0 

0.  415 

:i  ;w 

1.5 

0.  iKi 

4J.13 

2.0 

0.41M 

?♦.  4« 

2  5 

0.420 

l:i.:« 

;{.o 

0.421 

17.;"> 

.{.  5 

0.  422 

2i.  iK 

4.0 

0.  422 

27. 12 

4.5 

0.422 

:J2.  in 

5  •» 

0  422 

•.y:.m 

•)..> 

0.422 

W.  71 

CO 

0.  422 

49.  SI 

Nuiul>er  <»f  exiK*rimont>*,  •i. 
LiiDitlnvr  head**,  1.75  feet  and  5.2:J  feet. 
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CK)RyELL  UNIVERSITY  EXPERIMENT  NO.  4-3IAY  26,  189». 


LLengrth  of  crest.  6.3f<  feet.  ] 


Head,  in 
feet.     I 

(1)      I 


Q  per  foot. 


10  0.42« 

1.5  0.4:2 

2.0  0.434 

2.5  o.4;u 

3.0  0.434 

3.5  o.4;m 

4.0  0.434 

4.5  o.4:u 

5.0  o.4;h 

5.5    i  0.4:u 

6.0  0.4S4 


27.83 

».3l) 

38.89 

44.88 

51.13 

Kamber  of  experiments,  6. 

Limitingr  heads,  0.917  foot  and  5.11  feet. 


CK)RNELL  UNIVERSITY  EXPERIMENT  NO.  5- MAY  27. 1899. 


[Length  of  crest,  6.5^  feet. ) 


Head,  in 
feet. 

in. 

Q  per  foot. 

(1) 

(2) 

i3» 
1.28 

0.5 

0.4:>4 

1.0 

0.  4:h 

:{.82 

1.0 

0. 478 

7.17    : 

2.0 

0.  irm 

10  42 

2.5 

0.4474 

14  19    , 

3.0 

0. 4425 

18  45 

3.5 

(».  4424 

2  J.  24 

4.0 

0.4424 

2H.41I 

4.5 

0.4424 

3:3  87    : 

5.0 

0.4424 

3S*.  «8     1 

5.5 

0.  4424 

45  79 

«.o 

<>.  4424 

nii.lti    • 

o:^ 


I 

o 

I 


--VL 


Nnmbcr  of  experiments.  5. 

Limiting  heads.  1.689  feet  and  5.0^  feet. 


DEEP    WATERWAYS. 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  J-BAZINS  SERIES,  NO.  135-MAY  34,  1899. 

[Length  <>f  rrest,  «.')«  feet] 


Head,  in 
feet 

in. 

Q  l>er  foot. 

(1) 

1  •-'  1 

['A) 

0.-) 

0.4^)12 

1.15 

l.M 

0.43K.> 

;}44 

l.r, 

0. 4474 

ft.  m 

L*.0 

().45rt4 

i(j.a5 

2. 5 

n.4r)Wf< 

14. 5» 

:i.u   1 

0. 4rvHo 

11*.  12 

a.  5 

0.45(W 

24  15    , 

4.0 

0. 4*J15 

2J».<i5 

4.5 

0. 4*E2r> 

:«.  40 

rt.  i) 

0. 4625 

41. 4n 

Ti.  5 

0. 4oa> 

47.  K4 

»5.(» 

().  44125 

.>4..>4 

Niimber  of  experiments.  7. 

Limitln(f  hend^,  o.:ui  foot  aud  5.05  feet. 

CORNELL  UNIVERSITY  EXPERIMENT  NO.  Ji-MAY  2«,  18JW. 
[Lentfth  of  crest.  •1.58  f<.^t.J 


^A'(K 


Hear  1.  in 
feet. 

( I ) 

l"'» 

Q  iM-r  loot. 

Oh         1 

0.5 

0. 412 

1.18    1 

1.0 

0.  415 

a.  -xi 

1.5 

0.  lift 

ft.  13 

2.0 

0.41H 

M.49 

2  5 

0.420 

l:t.:J2 

:10 

0. 421 

17  5.'. 

;t.5 

0.422 

22.18 

4.0 

0.  ^22 

27.12 

4.5 

0.422 

•a.iu 

5  0 

0.42r* 

:J7.88 

.)..) 

0.422 

4;j.71 

(to 

0.  422 

4ft.  Ml 

NnmlH»r  «>f  exjierimentx,  ',i. 
LimitinvT  liea<is,  1.75  feet  aud  5.2:^  feet. 


680  DKKP    WATKRWAYS. 

CORNELL  UNIVERSITY  EXPERIMENT  NO.  4-MAY  Ai,  1>«). 


^^^ 

^^ 

-  -  -              ^ 

^ 

« 

LLengrth  of  cre«t,  6.5m  feet.] 


Head.iu 
feet,     i 

m. 

g  jHfr  foot. 

(1)       ' 

«2» 

ir.) 

1  (1 

0. 42W 

:144 

1.5 

0.4^2 

«.:w 

2.0 

o.4:u 

t».W 

2.5 

0.4:14 

w.r:  : 

3.0 

0.4:M 

1K07 

a.  5 

0.4:U 

.*•»  -- 

4.0 

0.4:14 

2:.Kj 

4.5 

0.4:U 

:j:j  »• 

5.0 

0.4:{4 

3S.WI 

5.5 

o.4:u 

44.  KH 

U.O 

0. 4'U 

51.13 

-4r 

I 
I 

I 


Number  of  experiments,  ti. 
Limiting  heads,  0.917  foot  and  5.11  f(>et 


CORNELL  UNIVERSITY  EXPERIMENT  NO.  5- MAY  27.  1899. 


[Lenprth  <»f  crest,  »i.5^  feet.  | 


Head,  in  I 
feet.  '"• 

a)  (2) 


Q  JMT  f»K>t. 


0.5 

0. 4:>4 

1.2l< 

1.0 

o.47»i 

M.s- 

1.5 

o.4:s 

7.17 

2,0 

0  4.V.»H 

in  42 

2.5 

0.4474 

14  1!» 

:i.o 

0  442.-1 

1>  45 

:i5 

0.  4424 

21.24 

4.0 

0. 4424 

2^  441 

4.5 

0.442* 

:«  sr 

5.0   ; 

0. 442* 

:«».  «iH 

5.5    1 

0. 4424 

45. 7;» 

(t.n 

0.  4421 

:»2  M 

Nnmbor  of  cxwriments.  5. 

Limititifr  heaiis.  l.r»>«0  fei*t  and  5.<i^'»  feet. 


O'i^ 


I 
I 

o 

I 
I 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  tt-BAZIN'S  8ERIE8  NO.  1«3-MAY  27,  \m. 


O 


_jL 


[Lengrth  of  crest,  6..'>8  foet— From  full  line  coeflacient  curve  on  jilate  138.] 

1 


Head,  in 
feet. 

}H. 

Q  per  loot. 

(1) 

(2» 

(3) 

0.5 

0. 52:>5 

1.50 

1.0    1 

0  52S8 

4.24 

1.5    , 

0.50»6 

7.52 

2.0 

O.4iM0 

11.22 

2.5    . 

'0.4H48 

15.37 

3.0    1 

0.4773 

1».  W 

3.5 

0. 470H 

24.75 

4.0 

0.46«1 

2P.JI2 

4.5    , 

0. 4620 

a5.40 

5.0    i 

0.45K5 

41.14 

5.5    1 

0.45W 

47.08 

6.0    1 

0.4o25 

53. :« 

Number  of  experiments,  5. 

Limiting  heads.  l.di«5feet  and  4.745  feet. 

CORNELL  UNIVERSITY  EXPERIMENT  NO.  ft-BAZIN'S  8ERIE8  NO.  Ifi2-MAY  27,  1899. 

^ 


[Length  of  crest,  tt.5H  feet— From  full  line  coefticient  curve  on  plate  1JJ8.] 

Coefficients  from  <lotted  eiirveou  coefficient  diagram,  showing  effect 
of  a  change  of  position  of  the  mean  coefficient  cnrve. 


Head,  in 
feet. 

III. 

(^l)er  loot. 

1 1 ) 

r*y 

(3) 

0.5 

0..J25 

1.50 

1.0 

0.529 

4.24 

1.5 

0.505 

7.4;i 

2.0 

0.4WJ 

11.  <« 

2.5 

(».  47ll 

15.10 

3.0 

0. 4l$7 

19. 4S 

3.5    , 

0. 4iU 

24. :« 

4.0    ' 

l».44ll 

29.150 

4.5 

'».45y 

:«.ll 

5.0 

n.  4/v'i 

41.  (« 

5. 5 

0.455 

47.  <K 

«.o 

0.453 

.5:j.:i5 

682 


DKKP    WATERWAYS. 


CORNELL  UNIVERSITY  EXPKKIMENT  NU.  7— BAZIN'S  SERIES  NO.  ITs-MAY  2ft,  1««. 


[Length 

•  f  iTf.st. 

U.5S  fet-t.  I 

Head,  in 

fe«*t. 

III. 

Ql 

er  f«x>t. 

(U 

i:i» 

v3) 

n.5 

0..-fii4 

1.12 

1.0 

0.4Ai 

.i.44 

1.5 

0.  444 

w.rA   1 

ri.ii 

0.45:! 

lo.iw 

li.  5 

0.457 

U.4U 

ao 

0. 457 

19.06    . 

:i :. 

0.  45s 

24.05 

4.0 

0  4:il» 

2i»  45 

4  .1 

«i.  45.N 

;i5.  «I7 

5.0 

0  457 

4'i.iw 

5. 5 

•  ).^5; 

47.17 

•i.O 

0.455 

.VJ72 

Naml)er  of  oxiwplmont'*.  4. 

Linjitinpr  heads.  2.41H)  fwt  ami  4.!«Hi  foet. 

CORNELL  UNIVERSITY  EXPERIMENT  NO.  7-BAZIN'S  SERIES  No.  17ii-MAY3ri,  18011 


t/pstt9^frt  Ace  Co^erc^ 


[Lfii^tii  «.r  rr«'st,  o.>  t»*ft.  I 


Head,  in 
feet. 

ii<. 

(^  li«M'  frio 

.1. 

''-'' 

:^ 

0. 5 

0.:R«1 

1.11 

1.0 

M.42i» 

:».  42 

1.5 

0.  442 

«i.  .51 

2.0 

II.  4.50 

10.21 

2  5 

0.  45.3 

14.  :W 

:j.u 

0.4.'Hi 

is.w 

:i.  5 

0.  4.57 

24. «M) 

ko 

0.4.'itJ 

-••.».  :*! 

4.5 

(l.4.V> 

1         :{4.n5 

5.  0 

0.454 

40.74 

0.  •> 

0.  45:! 

4H.  .v< 

•'.O 

0.4.52 

.5;j.:ki 

74    I 


Namlier  of  experiments*.  5. 

Limiting  hea»i«,  l.ri57  feet  an«l  5.i»ll  :eei. 


DKEP   WATKRWAYS.  683 

CORNELL  I'NIVERSITY  EXPERIMENT  X().  J  -BAZIX"^  SERIES  NO.  ir.i-MAY  .»,  \<m. 


Lon^jth  of  cr»*st. •?..*>«  ftN*r.J 


*'Hd.  Ill 

r.M.t. 

(~» 

^'  per  foot. 

<!..'» 

O.iU'^ 

1.17    1 

1.0 

i».  44.><» 

:i:.7   ! 

1  5 

().44NI 

i\.  lUI 

*,*  0 

«i.  4:j:4 

iurj 

>V  5 

(».  4;i.v» 

i:j.  KJ 

a  (1 

(1. 4:r>«i 

IS.  irt 

;V5 

(1.  VMn 

:S.«7    i 

4.n 

0.4410 

*<.:J0   1 

4.  a 

o.44.'J«i 

:«.IW    ! 

:>  0 

(».444« 

;«♦.  h7    i 

.V  5 

0.  4440 

(0.01     1 

•  .0 

0.444U 

r,2.44    ' 

Niiinlx'i"  r{  ♦•xiK»rimoiits.  4. 

Limitimf  liea*!**.  I.»i77  fe*»t  ami  4.>4:i  f»'et. 

CORNELL  UNIVERSITY  EXPERIMENT  NO.  lo-BAZIN  S  SERIES  NO.  114-JUNE  1.  189l». 


L«Mnrth  of  creHt.et..^  ftt't.l 


H.'R'l.in 

f.-et. 
<1) 


rJ) 


.:]) 


05 

0.  :fc»4 

0.»:) 

1.0 

ty:m 

L'.  Ii" 

i.r> 

{).IW\    1 

5.  (M 

2.0 

0.  :'54 

K.it* 

2..') 

0.;{.5 

11. AS 

:j.0 

o.:rn 

l.-i.ii»; 

:i .-) 

o.;n< 

•J).  :i7 

4.0 

0.  44N) 

iVrt7 

4.:i 

0.411 

.•n.45 

.VO 

o.4i; 

37.  NJ 

5.  .-i 

i>.4:« 

44.10 

(to 

0. 4:yi 

51.15 

NuiuIkt  I'f  t»xiK'riiiiont.'4.5. 

Limitinif  hea«l>*/i.«ttH  feet  ftinl  5.:fcit  foot. 


684  DEEP    WATERWAYS. 

CORNELL  UNIVERSITY  EXPERIMENT  NO.  11— BRAZIN'8 8EIRES— NO.  116  JUNE  1,  ISW. 


[Length 

i)f  crest. 

«l.5f<teK.] 

Head,  in 
feet. 

tn. 

Q  per  foot. 

^1^ 

(2) 

<3) 

0.5 

0.3H» 

MM 

l.U 

0.375 

3.01 

1.6 

11.378 

5.57 

».o 

0.3S4 

8  72 

2.fi 

0.38S 

12.31 

8.0 

0.4415 

ltt.8» 

3.5 

0.414 

21.77 

4.0 

0.4*» 

27.  (W 

4.5 

0.438 

;c.77 

5.0 

0.43:^ 

38.84 

5.5 

0.437 

45.27 

({.0 

0.442 

52.70 

Numljer  of  experimenta.  5.  Limiting  headH«  IMV  feet  and  5.308  feet. 

CORNELL  UNIVERSITY  EXPERIMENT  NO.  13-BAZIN'8  SERIES  NO.  115-JUNE  3,  1899. 


[lAMi^'th  i)f  cri'st.  ♦">.:>  foet 


NiuuIht  t)f  experiments,  4. 


Head,  iu 
feet. 

HI. 

C^  l)er  foot.l 

U» 

{2i 

(3) 

j 

0. 5 

n.3117 

1 
0.110    1 

I.n 

(».:{2:)s 

2.tJ0    ' 

1.5 

0.3170 

4.rt7 

2.n 

i».;«i05 

7.(4    1 

2.5 

0.:{(I88 

W.80 

3.0 

o.3i:sj 

Vi.m 

3.5 

0.3103 

10.  7.S 

4.1) 

o.:ti-)l 

20.  RH    i 

4.5 

«».;w»7 

2.-,.3-> 

5.0 

o.:{:{(^ 

:*».  IH 

.»  o 

0.3414 

;k> :« 

({.0 

«»34:^ 

40.  ;V) 

Limning:  bfad>». 

M75  ftet  and  5.1«r2  feet. 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  i:j-BAZIN'8  SERIES  NO.  117-JUNE  2,  1899. 


-ii_ 


I-if  n«tn  of  cre!»t.  rt.oM  !et»t.  ] 


Head,  in 
.eet. 

m. 

Q  pcT  f(K>t. 

(1) 

(2) 

1         (3) 

ii..> 

0.3:** 

O.J«8 

H» 

o.aw 

2.K} 

1.5 

o.:m 

5.22 

2.0 

o.an 

8.(6 

2.5 

o.;«5 

11.2rt 

3.0 

<».;«« 

14.85 

3.5 

0,  :i')H 

K83 

4.0 

0.*iO 

!         2:J.  17 

4  5 

0.3^1 

27.84 

5.0 

o.:^tJ7 

:J2!»1    ! 

5.5 

0.3iW 

:K22    ! 

0.0 

u...ru 

4:i70 

Number  ol  exi>erimeiJt«.  5. 

Limning  beads,  l.olrt  feet  and  4.s;U)  (eet. 

CORNELL  UNIVERSITY  EXPERIMENT  Ni).  U-REXFORD  FLATS  DAM-JUNE  :t,  IhW. 


_  _  -  '» 


iLerijjih  <»l'  cres:.  »»..>  feet.  J 


He.nl.  in 

;eot. 

(1) 

(2. 

Q  j>er  f<X)t. 

(3) 

0.5 

0.  aV) 

1  02 

1.0 

(».377 

1           3.tr2 

1.5 

0.  :i94 

.).  Nt 

2.0 

0.44J3 

«.  15 

2.5 

0.4OU 

12.!»tt 

3  0 

0.4()6 

ltf.90 

3. 5 

0.405 

21  27 

4.0 

0. 405 

2«>.  00 

4  5 

0.  ii^ 

:{ r  l»7 

5.0 

0  4(^4 

3  i.  22 

5.5 

(».4(« 

41   7(i 

ti.O 

0. 4a; 

47.50 

Number  of  exi>erimentH.  i). 

Limiting  heads.  0.924  foot  an«l  5.41S  feet. 
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CORXELL    UNIVERSITY  EXPERIMENT  NO.    15  -REXFORD  FLATS   DAM,  WITH   UP- 
STREAM  EDGE  OF  CREST  ROUNDED  To  A  RADIUS  OF  (UCb  FOOT— JUNE  3, 1800. 


_  -^ 


-«T:.r  -    '^" >* 


r  Length  of  creHt,  «.58  feet. 


HeHd.  in 
feet. 

m. 

Q  per  fix>t. 

(1> 

i2) 

.•3) 

0.5 

0.371 

l.l« 

1.0 

o.:m» 

3. 12 

1.5 

0. 400 

1            5.0O 

2.«l 

0.4(ih 

0. 25 

2.5 

0.412 

13.07 

3.0 

0.415 

17.  :J2 

3.5 

0.41»J 

21.W 

4.0 

0.41- 

2ti.  a-> 

4.5 

0.414 

31.?-' 

5.0    , 

0.413 

X.  15 

5.5 

0.412 

42.  ty5 

rt.O    1 

1 

0.411 

48.  4x 

Number  of  exiwriments,  4. 

Limiting?  head**.  1.7.s<J  feet  and  4.4:in  feft 

CORNELL  UNIVERSITY  EXPERIMENT  NO.  10-LITTLE  FALLS  DAM,  SECTU>N  NO.  1- 

JUNE  5,  1WI9. 


j^_.  ^/e    --> 


■"•ta^ 

1 

1 

* 

8 

[Lenirth  of  crent,  »V.5«<  feet.] 


Head,  in 
feet. 

gi»er  ftM>t. 

i3» 

0. 5      . 
1.0 

0. 4:12 

3.47 

1.5 

0  42S 

«.  :»i 

2.0 

0.424 

0.  iKi 

2.5 

0.421 

13.  :w 

3.0 

0. 422 

17.  S.** 

3.5 

0.  425 

22.32 

4.0 

<».  42'< 

27.48 

4  5 

0.  431 

3:J.01 

5.0 

0.  4:tJ 

;«.  87 

5.5 

(».  435 

45.00 

0.0 

0.  4;3») 

51. 4 1 

N 

ir 
I 


_  -y« 


Numlx^r  of  experiment.**.  4. 

LimitioK  headis.  1.735  feet  and  A.'S^^  feet. 
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CORNELL  UNIVERSITY  EXPERIMENT  XO.  17-  LITTLE  FALLS  DAM,SECmON  NO.  2- 

Jl'NE  ii.  ISOIJ. 


|<-  -  4-'5 


[Lentjth  of  crest,  «».->>%  fc».'t.] 


Head,  in 
feet. 

(1» 

(1.5 

hi. 
.2* 

Q  l)erfiK»t. 

(3) 

i 

1.0 

0.415 

3.a;j 

1.5 

0.425 

n.25 

2.0 

0.  m 

9.7« 

2.5 

I).  4.12 

13  TO 

3.0 

0.432 

18.  (J3 

3.5 

0.4:J2 

22.«rt 

4.0 

o.4:L' 

2:.  75    i 

4.5 

0.4:J2 

3:j.(ki    ; 

5.0 

0.432 

:**.75 

5.5 

0.4:j2 

44.^18    , 

6.0 

0.4:12 

30.9CI    I 

1 

Numl>er  of  HX])eriment8,  5. 

Limiting  heads.  l.(W7  feet  and  4.33U  feet. 


688 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  18-SECTION  OF  SPILLWAY  OF  INDIAN 

LAKE  DAM-JUNE  0.  imi 


I 


[Length  of  crest,  r>..V*  ti»et.  | 


'       il)  .•-•■  iHi 


I 


_  jy. 


l.n 

0. 4:« 

3.«.' 

1.5    , 

0.4ttO 

li.  7s 

:i.o 

0.  458 

lo.:{s 

:;.5   1 

0. 4;c> 

13. 79 

3.0 

(».  4a» 

I7.rt» 

3.5 

0.427 

22. 45 

4.0 

0.42H 

27.4tf 

4.5 

o.4» 

:C.Ml 

.5.0 

0. 4a» 

:jk.45 

5.5 

0. 42« 

44.37 

li.O 

0.42JI 

0O.55 

Number  of  cxiterimcutH.  5. 

Limltiug  heads,  1.277  fii't  aud  5.lHi  Uh^x. 
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CORNELL  UNIVERSITY  EXPERIMENT  NO.  10-SECTION  FOR  SUBMERGED  WEIR- 
JUNE  7.  am. 


[Length  ot  crest,  0.68  feet.] 


Head,  in 
feet. 

(1) 

m. 

Q  per  foot 

(2. 

(8) 

0.6 

0.H67 

1.04 

1.0 

0.394 

3.17 

1.6 

0.412 

6.06 

2.0 

o.4ao 

9.77 

2.6 

0.430 

18.91 

3.0 

0.443 

18.48 

3.6 

0.447 

23.46 

4.0 

0.460 

28.88 

4.6 

0.462 

34.63 

6.0 

0.466 

40.80 

6.6 

0.467 

47.28 

6.0 

0.468 

64.02 

Number  of  experiments,  8. 

Limiting  heads,  0.887  foot  and  4.913  feet 
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CORNELL  rNIVERSITY  EXPERIMENTS  NOS.  iJT)  AND  21-FLOW  OVER  A  STANDARD 
SHARP  CRESTED  WEIR  WITH  FREE  OVERFALL-FROM  CURVE  OF  DISCHARGE 
FOR  A  LENGTH  OF  1  FOOT-JUNE  10  AND  13.  18W. 


[Length  of  crost,  6.53  feet. J 


Head,  In" 

m. 

Q  jwr  f«xjt. 

Head,  in 

.... 

g  per  foot. 

feet. 

t»«et. 

(1) 

(2t 

(3. 

tl» 

^2) 

(3) 

0.0 

0.0 

0.0 

3.1 

0.4005 

17.  M 

0.1 

|).4:>W 

0. 17 

3.2 

0.4006 

18.75 

0.2 

0.42rtK 

0.  :V> 

3.3 

0.4095 

19.88 

0.3 

0.4258 

O.tiO 

3.4 

0.4098 

20.60 

0.4 

0  4242 

0.87 

3.5 

0.4099 

21.54 

0.5 

0. 4230 

1.20 

3.rt 

0.41(fei 

22.50 

O.rt 

0. 4215 

1.5«i 

3.7 

0.4105 

28.45 

0.7 

0. 4JIH 

1  05 

3.8 

0.4107 

24.42 

0.8 

0.4194 

2.:J7 

3.9 

0.4109 

25.40 

0.0 

0  41W 

2.8« 

4.0 

0.4112 

26.40 

1.0 

0.4174 

3.;i5 

4.1 

0.4113 

27.37 

1.1 

0.41H6 

3.8t{ 

4.2 

0.4116 

28.40 

1.2 

0.4158 

4.4;i 

4.3 

0.4118 

29  42 

1.3 

0.4150 

4.$»7 

4.4 

0.4122 

30.52 

1.4 

0.4145 

5.:i2 

4.5 

0. 4125 

81  02 

1.5 

0.4l.')t) 

H.  10 

4.6 

0.412i; 

32  72 

l.H 

0.412P 

6.70 

4.7 

0.4129 

3:{.80 

1.7 

0.4122 

7.;« 

4.8 

0.4i:«) 

34.90 

1.8 

0.4115 

7.»5 

4.9 

0.4131 

35  97 

1.0 

0.4HI» 

8.110 

5.0 

0.4133 

37.09 

2.0 

0.41011 

J».  :t» 

5.1 

0.4i:» 

38.20 

2.1 

0.  4100 

10. 05 

5.2 

0. 41») 

30.32 

2.2 

0.44W7 

10.77 

5.3 

0.4i:)4 

40.47 

2.3    1 

0.4(W5 

11.5fi 

5.4 

(».  4i:u 

41.63 

2.4    1 

0.40H4 

12. :» 

5.5 

0.4i;i5 

42.81 

2.5 

0  44NH 

13.  (W 

5.rt 

0.4i:i5 

44.00 

2.H 

0.44  MM 

13.80 

5  7 

o.4i.r> 

45.20 

**  7 

0. 40(H 

14.55 

5.H 

0.4136 

46.50 

2^8    . 

0.40IH 

15.  ;i5 

5.9 

0. 4i:)6 

47.74 

2ft    ' 

0  40W 

lti.l7 

(i.O 

0.41% 

48.81 

3.0 

0  4<J0I 

17.  UJ 

Numl)er  of  oxperimentH.  13. 

Limiting  beads,  0  746  f<x>t  and  1.874  feet. 

Photographic  plates  A  and  B  show  the  lower  end  of  the  lower  chan- 
nel as  it  appeared  on  the  afternoon  of  June  3,  1899,  while  the  experi- 
ments on  the  Rexfonl  Flat**  section  were  in  progi-ess. 

It  is  not  the  author's  intention  to  extensively  review  the  results  of 
the  Cornell  University  experiments  at  tliis  time,  any  further  than  to 
point  out  that  they  were,  in  tlie  fullest  sens«%  practical  ex])erimeut6. 


DEEP    WATERWAYS.  C91 

Every  attempt  was  made  to  duplicate  dams  as  found  in  a<^tual  prac- 
tice, the  author's  view  teing  that  such  experiments  are  only  of  mod- 
erate value  when  made  with  reference  to  theoretical  conditions  purely 
and  without  reference  to  practice.  A  salient  object  lesson  on  this 
point  is  presented  by  the  revised  curves  on  plates  107  to  126,  inclusive. 

In  experiments  Nos.  7  and  8  an  attempt  was  made  to  gain  some  idea 
of  the  effect  of  a  rough  surface  on  dams.  Experiment  No.  7  was  of 
the  usual  form,  with  the  crest  constructed  of  planed  matched  pine,  as 
already  described,  while  in  experiment  No.  8  the  upstream  face  of  the 
crest  was  covered  with  one-quarter  inch  mesh  galvanize<l  wire  screen. 
A  comparison  of  tliese  two  experiments  is  very  instructive.  The 
upper  limiting  head  of  No.  7  was  4.990  feet  and  of  experiment  No.  8 
5.011  feet.  For  5-foot  head,  as  determined  from  the  curves,  we  have 
for  experiment  No.  7  a  discharge  of  40.98  cubic  feet  per  seccmd  per 
linear  foot  of  crest,  while  for  experiment  No.  8,  5-foot  head  gives  a 
discharge  of  40.74  feet  per  second  per  linear  foot  of  crest.  Similar 
comparisons  at  other  heads  show  the  effect  of  the  wire  screen  to  have 
been  but  slight.  The  result  of  this  experiment  was  such  as  to  lead  to 
the  conclusion  that  very  little  difference  would  be  exi)erienced  in  the 
flow  over  a  dam  after  the  first  few  montlis,  during  which  time  the 
planking,  under  the  smoothing  effect  of  silt  in  the  flowing  water,  etc., 
may  be  expected  to  come  substantially  to  the  hydraulic  condition  of 
planed  boards.  Accordingly,  as  the  time  was  limited  for  completing 
the  work,  no  further  determinations  were  made  on  this  line. 

It  is  recognized,  however,  that  but  lor  the  limitation  of  time  set  by 
your  Board  it  would  have  been  very  desirable  to  have  experimented 
somewhat  further  on  a  number  of  additional  forms  of  weirs,  and  it  is 
to  be  hoped,  in  view  of  the  vast  practical  importance  of  an  accurate 
knowledge  of  flows  over  dams,  that  the  Cornell  X'niversity  authorities 
will  carry  these  experiments  considerably  further,  keeping  especially 
well  within  the  limits  of  actual  practice  in  the  United  States. 

Experiment  No.  6  may  ]>e  also  briefly  referred  to.  On  referring  to 
the  coeflBcient  curve  of  this  experiment,  plate  138,  it  will  l^e  seen  that 
two  coefficient  curves  have  been  drawn.  The  first  reduction  of  experi- 
ment No.  6  has  been  made  on  the  basis  of  tlie  coefficients  derived  from 
the  full-line  coefficient  curve  on  plate  138,  while  the  second  reductiim  is 
from  the  coefficients  from  dotted  curve  in  the  coefficient  diagram. 
The  dotted  curve  shows  that  i*elatively  a  considera])le  change  of  posi- 
tion of  the  mean  coefficient  curve  may  be  made  without  very  greatly 
affecting  the  results.  This  fact  may,  it  appears,  be  taken  to  indicate 
the  essential  accuracy  of  the  values  of  the  coefficient  C  in  the  fore- 
going tables. 
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Table  No.  20. 
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-Record  of  precipitation  at  Adams  for  certain  tcatrr  years  as  indi' 
cated  from  187-2  to  ISUS,  inclusive. 


Month. 


1872.    :    1K73. 


Dccoraber a3.:i2  .V  12 

Januurv 4.78  5.  IH 

February 8.2i»  l.li5 

March i      l.»7  h.  10 

April    •      1.7»  2.«J 

Mav I      2.74  1.52 


Total 17.89,    24.17 


June 3.5J>  i 

July 2.44  I 

Au(jrti8t 1      2.^>7  I 


4.19 

:j.«4 

1.4H 


1874.    I    1875.    ,    I87r,.        1877. 


4.:iJ 


2.  jC) 

:V58  2.17  ' 

3.05  1  2.m 

3.42  1.12 

2.24  1  4.14 


2.N>  , 
4.21» 
3.7«i 
5.4:3  I 
3. 41 
2. 12  ' 


4.92  '. 
1.7«    . 


1878. 


1.70 
0.'«6" 


18U0. 


2:3.57 

~5.0([) 
(I.  ill 


17.48 

~~2.T7' 
1.24 
3.13 


21.75 


M.80 
4.50  ' 
1.00  I 


3.54;. 

i.95  1 


2.38 

4.a» 


Total. 


8.10  I 

Beptember ,  3.40  ' 

October 5.77 

November '  3.98 


9. 5:3      12. 81 


.30 


Total 

Yearly  total. 


Month. 


13. 15 
»i.l4 


3.<;5 
7.12 
11.  IH 

21  9.3 

:>5r«3 


3.84 
4.(»< 
4.10 

12.112 

40I 


2.38 
2.84 
2.57 

1.70 
1.86 
3.4*1 

3.52 
3.80  I 
2.98 


U).:j0  I      7.79 
:mT32  '~3tjT84 


7.38 
4.1SH 


7.(e 


14.  (-« 


1891.        I8in;.         189:3.    I    1894.         189H.        1897.        1898.    |  Mean. 


Decenaber . 
January... 
February  . 

March 

April 

May 


Total. 


June 

July-... 

AUgUBt  . 


Total  . 

September . 
October  .... 
November  . 


Total 

Yearly  total. 


2.(1C3 
1.94 
1.28 
1.37 
1.46 
0.8:3 


1.32 
5.59 
8.6;{ 


:i.«3 
5.44 
2.21 
2.«9 
0.98 

5.:J2 


;3.  »ii 

1.85 

:3.:37 

1.47 
2.41 


1.90 


l.d5 
1.53 
1.41 
:J.(W 
3.30 
h  3. 99 


8.85       20.: 


5  81  I 

5.18 

9:31 


.1      2.52 


1.88 
4.33 
2.«0 


10.54  ,    2(».30 

"3~06~:  5. 37 
2.24  I  2.10 
3.78  I      0.16  : 

13.0:3 


.       8.81 


5.96  , 
8.34  I 


9.08 
~^A7 


3.66 
1.77 

2.89 


8.;32 


:3.95  '. 

3. 63  I . 

1.23  '. 

1.15  '. 

2.28  I. 

2.84  I 


14.91  ,    15.08  I 


2.05  1 

8.22 

3.54 


2. 15  , 

rl.l9  I 

4.23 


t.Sjl 


13.81 


0.78  2.92  1. 
0.42  ,  6.4:3  I. 
3. 7:3  '      3. 14  I . 


i:7r3 ' 

4.9:3 


12.49 


54.20' i   :33.05     av U 


a  Mean  of — 

Depauvllle 4.28 

Sacketts  Harbor L98 

Pierpont  Manor :3.;34 

Port  Ontario 3.69 

4)  1:3. 29 
3.32 


h  Sacketts  Harbor  reconi. 
c  Mean  of— 

Hacket ts  Harbor 

Palermo 

Canton 

Lowville 


0.6O 
1.60 
1.96 
0.60 


4)4.76 
1.19 
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Table  No.  21. — Record  of  precipitation  at  Aildison  for  the  water  years  189 J  to 

lSi*S^  inclvsive. 


Month. 


IHOl. 


1892.       \my    I    18W.    I    18fl5.    I    18fie.    '    1897.        IfWH.      Mean. 


December a.tJB 

January '  1.84 

February 2.89, 

March '  2.12  I 

April 1.44 

May I  0.33 


2.96  , 

2.97  I 
1..58 
3.rt8 
0.94 
.5.85 


0.48  I 
l.W  I 
2  27 
2'Ji2  i 
3.5i»  i 
7.87 


1.90  I 

1.91  I 
1.89 
1.00  I 

9.  70  I 


2.93 
3.11 
1.12 
0.88 
1.31 
2.11 


0.88 
1.54 
0.7tt 
2.29 
2.41 
4.2H 


1.91 
3.91 
1.80 
2.30 
2.51 
4.12 


Total 12.27       17.JI8  |     18.:«  ,    2:?.09  ^    11.46  1     16.19       12.14       16..55  ' 


June 

July.... 
Auj^ist 


Total. 

St»ptember. 

Octolier 

November . 


Total 

Yearly  total . 


2.a5  3.18 
2.91  4.94 
4.24  I      3.tJ2 


3.04 
2.37 
3.(K)  I 


1.82  I 
2.06 
1.44  , 


4  15  , 
2.02 

2.82  I 


2.  .56  '  3.67  1. 
4.52,  2.16  '- 
2.(fi  I      2.92  |. 


9.20       11.74 


0.49  0.91 
2.94  ■  1..50 
1.64         3.46  . 


2.:h  I 

2.89  ' 
1.24  I 


.5.32  ' 

"5".«3~f 
1.42  I 


8.99  I    11.00 
^67 


9.13  : 


8.75  ; 


1.22; 

0.80 

2.44 


2.90 
0.94 
83        3. 10 


5.07  I      .5.87 


26.  .54       .'ft.  59 


0.47 
~i«.  95 


11.07  j 

"39748  1" 


4.46 
24^91 


1.31  !.. 
.5.99  .. 
2.13  ,.. 


9.4;^ 


10.23  I      6.W 
3M2'~28.21  I    34.73  I 


Table  No.  22. — Record  of  precipitation  at  ARmny  for  the  water  years  JSJO  to 

inclnsitu\ 


:i2.60 


1S9S, 


Month.      I   1826.  I  1827.  '  1K2K 


December . 
January... 
February  . 

March 

April 

May 

Total 


June 

July.... 
August . 


a  2. 70 
2.4:^ 
1.36 
3.81 
1.77 
0.76 


,  1.27 
.5.40 
3.07 
2.38 
4.66 
3.4:1 


3.91 
2.25 
2.53 
1.94 
2.52 
4.48 


1829, 
4.  .56 

4,77 
2.d« 


12.8;j  |2!).21    17.  ra   iH.Sft 


6.22  I 
5.33 

2.46  ' 


3.75 
5.43 
4.69 


Total.  I  14.01  113.87 


September.!    3. .58  , 
October  ....     2.37 
November  .     1..56 

Total. I    7.51  I 

Yearly  total  ^4.35" 


.5.67 
4.65 


2.87 
5.40 
0.88 


1830.    18:^1,    1832.    183:1    IIGM.    im>.  '■  IfKBtt.  I  l!«7. 


I 


1  7« 
1.4L 
4.H6 


3.  HA 
1  fl« 
4.1: 

4.50 

a.8H 


17.47  la.m 


7,m  \  iH 
t.^  I  4  ^ 

L5«5  I  T't.^n 


1..57 
4.21 
a.  12 
2.99 
2.90 


3.34 
2.63 
2.5«  , 

i.m 

!  8.47  I 


L8ti 
L:I5 
±m 
1.00 

3. 70  I 


am* 

4.IH 

l:i» 

2.00 
4.h54 

3,n 


17.08   19.J«i  |l2,fl0   lfl.87 


30.74 


3.  .57  I 

4,28 
7.51  , 


2.3»  3,:t:  t».4H 
A.46  I  5.25  '  5.3I» 
3.3rt     2,77     h.M 


9.15     8,58  \nm  \\\jn  iUJ)6  'l0.2l>  1 10. 34  '17.21 


8.08 
L56 
4.91 


9.00 


113.08  1 14. 55 
|47.l6";4I.:0  135.87 


2.73 
2.41 
3.86 


0.9Ci 
3. 15 
7.29 


11.5^7 


40.34 


4.82 
1.71 


10.46 


4L92 


1,38 
2.30 
a  36 


2.76  1  3.14  \J^.U 
4.2*)  7.31  3.77 
3.28  !  2.4;^  I  1.37 

10.24  113.07  I  :  4M 

42.'68''43. 23,30, 77  4klm 


S.74 


Lift 

7,30 

1.70 
If.  30 
8,86 


&.S7 
£.49 
2,25 


ia3& 


ZM 
S,35 
3. 77 
3.47 
1,63 
7.34 


31,37 


m4o 


3.4f» 

am 

3.31 


lO.Tfl 


41. SB 


3.:# 

3.H 


7.68 


^.4h 


lfSS». 


18.15 


7,  flu 
1  72 
4.U1 


14.  S3 


1)^. 


o.eft 

1.57 
L5» 
4.79 


14.79 


5.  It 
5.77 
L94 


]±  13 


4,46  I 
3,r*5 


2.75 


11  3Jt3  ' 


"OS 


4*%  71     IliflT 


Month. 

Vm.  [  iml.  1  184S. 

lA^, 

1»44, 

1845. 

1846. 

1M7, 

IMS. 

184n, 

16W. 

1851.    185a.,  1853. 

December . 
JanTmry  ... 
Fobruiiry . . . 
Marfh  ...... 

fiS?'.:;::::: 

5.00  i  ^.B5 
2.16     i.U 
3,  U    3. 13 
3,99     U.1& 
!i,:^\     3.75 
.5.28     a.S4 

4.14 

1.1.5 
3.31 

^.m 

4.0U 
l.*4 

5.21 
a.  IS 

3.iri 

7.:I7 

4.^ 

2.W 
1.35 

l.rtfJ 
2.35 
a.  70 

3.5* 
4.64 

l,7V( 
2.60 

4,ri4 

3.71 

1.1« 

3,(S 
3.7i 
3.34 
0.74 
3.45 

2.M 
3.-54 
3.Hr» 

4,39 
*,7!i 
3.25 

4.31     5.21 

3.(;7     O.Til 
3,:t7     1,25 
2.78     3.86 
l.flft     0.75 
6.11     5.4^1 

an 

2.81 

2.16 
1,06 
3.76 
6.01 

4,41  !  2.3P  1    180 
0.78     2,16       3.011 
4.38     1,46       ^i.69 
0.  m  ,  3. 13      3,  m 
4.14     3.85  '    3.W 
3.61  !  3.H4       7,16 

Total  , 

21,19  '18.40 

17.53 

Sl.^ 

1H.+0 

Ift.fft  |l.5.4T 

18.74  ^ai.TS  llfl.ai 

R81 

17.:3B  15.  .53  '  2i.ai 

Jun** , 

Jnly    

Atisfaflt 

3. 47    2.  la 
3.40     I.M 
4.77  1  4,S7 

4.44 

4.  IS 

5.54 
4.43 
QJMt 

5.35 
£.77 

6.48 
5.39 
5.34 

3.  Mi 
5.5H 
SAtt 

5JIK 
5.47 
t,94 

4.72     4.45 
7,  ee     0. 70 
3.7»     4.8;f 

5.72 

8,57 
3.5f/ 

4.57  i  1.71 
3.46  '  3.% 

3.17  1  2.m 

3.4A 
3.31 
5.13 

Total  , 

11.64  f  T.Ki 

1^.01 

la.oi 

10.34 

17.31 

11.40 

12  47 

16.43  I^.IH 

16.7fi 

10.^    T.«: 

11. m 

September  , 
NoTember. 

3.76  1  5.65 
4.M     1.34 
3.11!     3.34 

6,40 
4.  S3 
4,76 

a.  19 

3.(H 

:;.34 

3.77 
1,^7 

l.^ 
3.23 
2.26 

5.3r7 

3.  lit 
2.19 

3.:5i 
4.31 

161 

1.06 
8,»H 
4.51 

H.5« 
4,3! 
S.30 

1.17  ;  1.50 

2.09  !<  2/M 

5.10  1  4.30 

7.37 
105 

3.38 

Total 

tS.Ttl  [11133 

15.  as 

10.95 

7,46 

5, 76  1 

ll.liT 

?.H3 

10.14 

10.61 

13.07 

9,30     8.06 

13.56 

T«arly  total 

46.  S3  196.66 

U.9S 

fll,ar) 

31^ 

43  ir 

3K  JW 

40.  US 

47.39 

89.H5 

<8.tf7 

86"T8~31  3«~ 

47.44 

a  Mean  of  sevonty  two  years. 
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Table  No.  22.— 'Retford  of  precipiiaiion  at  Albohyforthe  ttxUer years  ISi^O  to  1S98^ 

i  n  cluHive — Con  ti  nued . 


Month. 

1H54.  J1855. 

1856.  1  1857. 

IKW.    1859. 

1860.     1861. 

18*52. 

I86:j.     18<V4.     1865. 

1866. 

2.04 
1.11 
2.49 
1.32 
l.H\ 
2.17 

1867. 

Decern  Ijer . 
January  — 
February  .. 

March 

April 

May 

1 
1.15     \.H 
2.62     3.29 
2.95  .  1.(19 
2.43  '  0.54 
6. 82     2.  a5 
1.97     l.Kt 

3  82     3.50     3.04     2.  .32 
1.10     2.08     2.:C     1.90 
O.J36     2.18     1.15     1.94 
1.83     1.25     1.99     1.79 
1.48  i  7.00  '  2.42  '  2.72 
5.94     4.45     3.49     1.74 

2.14     2.17  ,  1.50 
0.08     3.49     5.24 
1.50     2.28  1  2.(W 
0.60     4.11      3.05 
1.18:  0.86     1.96 
1.68     3. 5«»     1.16 

1.33 
4.81 
2.62 
3.»i5 
1.48 
4.76 

3.64 
1.49 
0.75 
2.21 
2.71 
2.57 

3.45 
2.46 
1.94 
4.48 
2.48 

5.:)9 

3.5« 
1.55 
2.48 
2.43 
2.68 
6.:» 

Total. 

17.95   11.24 

14.5:)  20.46   14.41    12.41 

7.18   16.41    14.97  |18.65   13.:J7  !20.ao 

10.59 

18.06 

Juce 

July 

August 

2.9ti     O.M 
3.35     3.95 
0.  rt2     3. 75 

3.62     4.91  ;  3.31     5.21 

\.Xi     5.46  '  6.94     3.17 

10. 14     3.  74  :  2.  «i     3. 19 

3.48     1.44i 
4.55     6.(H 
6.09     4.15 

14.12  ii.^yi 

8  70     1.37 
3.IC?     7.KJ 
2. 84     3. 60 

o.m   3.0* 

1.48     3.70 
4.91      1.08 

4.51 
4.18 
2.78 

4.57 
3.18 
7.28 

Total  . 

6.»i   14.54   15.09   14.10 

13.15    11.57 

15. 16   12.  Hi  1  7. 19 

7.H2 

11.42 

15.03 

September . 

C'ctoVter 

November  . 

3.87     2.52 
1.85     8.93 
3.00     3.27 

8.72   14.72 

4.89     1.53 
2.35     4.31 
2.56     1.92 

2. 44     4. 72 

1.76     1.30 
3. 02     2. 19 

5. 17     3. 14 
2.;e  ;  3.23 
3.43  i  2.2l» 

i.ce 

3.62 
3.16 

1.76     2.14 
2.57     2.55 
5.12  .  2  88 

2.78     5.65 
4.:a  ;  1.87 
2.?2     3.22 

1.66 
3.69 
1.31 

Total  . 

9.80     7.76     7.22     8.21 

10.92  1  8.66 
32.22  36.  ?2 

7.  Hi 

9.  4.".     7.  57     9. 8;)   10. 74 

6.56 

Yearly  t^jtal 

31^.59   40.50 

39.42   42.2:) 

;M.78   32.19 

;)7.99  j4^K90  28.13  37.85  ;C.76 

40.67 

Month. 


186K.      186!^.     1870.    l!<71.    1872.    I87:i.     1874.    1875.    lH7r,.    1H77.    1878.    1879.     1880.  1 1881. 


December. 
January . . . 
February  . 

March 

April 

May 


1.03 
3. 15  , 
1.6^  , 
1.82 
4.01 
7.(0 


1.85 
3.28 
3.23 
2.49 
2.19 
4.57 


2.8h 
5  »< 
5. 19 
3.84 
2.70 
1.78 


1.6.-) 
2.:i(» 
2.(/0 
7.2S' 
3.79 
4.97 


1.65 
0.78 
1.74 
2.7(1 
1.81 
4.79 


2.18 

3.:fci 
2.11 
3.(45 
1.99  ' 
l.J<8 


3.(W 
3.61 
2.  Wi 
1.97 
4.97 
2.  :{2 


(«.76 
2.14 
1.65 
3. 27 
3.  ♦« 
2. 57 


1.11 
1.67 
4.(9 
4.28 
3..'^il 
2.96 


2  42 

1.95 

3.33 
1.42 

2.77 


0.71 
4.45 
4.12 
2.18 
3.99 
3.65 


6.16  4.23  1 
3.54     2.96  ! 
2. 80     2.  C7 
3  79     2.17  I 

3.17  2.75' 
0.H9  I  3.35  I 


2.01 
2.86 
2.50 
2.80 
1.34 
3.90 


Total .    18. 


7.61  ,21.77   22  (iO   13.47    15.2:J   U.H)   I4(i2   17.52   12.25   19.10  19.  a5   18.13  1  16.41 


June 3.(i4    l.:w 

July 1.61     2.89 

August-.  ..     3.62     2.89 


7.48  ,  7.25  4.1V*  0.95*  4.71 
7.19  9.37  I  5.6II  5.97  6.78 
8.47    10. «»     4.84     2.27      l.\H 


3.98 
2.46 
6  55 


4.40 
4  97 
(»  5.3 


4.60 
4.57 


4.54 
5.  .52 
3.76 


5.62  2.21 
5. 10  3. 78 
4.25     2.84 


3.76 
2.22 
2,07 


Total.     8.87     7.17  23.14  127.21    1.5.12     9.21)   13.43   12.99     9.9(1   13.17   13.82   13.97  !l8.83 


September.  7.11  3.:i5  5.02  O.k'j  2.55  4.78  4.<'l 
O'tober  ...  ,  1.91  13.48  4.05  3.;i4  4.6^  .5. .57  1.77 
Novemljer  .     .5.45  ,  1..t6     3.06     3..>     2.77     3.75     2.19 


ToUl  .    14.47   I8.;i9    12.13  I  7..57    lO.dO   14.  Id     7.97 


Yearly  total'  42.06  43.17  57.(4  .57.78  38. 5J*   '.]K.ht\   HDHi 


2. »« 

2. 2!» 

10  «♦ 

37.90~ 


.5. 17 
1.64 
2.tWi 

9. 46 

!k}.h8 


l.K> 

7.8ti 
2  70 

12.  ;J8 

377k7 


3.30 

.3.:)7 
4.4;{ 


3.47  ;  2.86 
1.24  2.45 
2.56     2.49 


8.06 


2.38 
3.19 
3.44 


11.  CO 
4ir92" 


7.27     7.80  I 
40T59"  34.'76~! 


9.01 
33.47 


Month. 


1882.     18KI.     li<m.     1SK5.     18M5.     lH87.     1^H^.     iSH9.     IhUlJ.    IhJU.     l.<92. 1  1883.    1894. 


I  1883. 1 : 


I 


December 

January  

February  

March 

April 

May 


,  4.88     2.24 

:  2.64     2.43 

3.31     3.00 


1.79 

1.27 

I  4  15 


1. 
2.  Cm 
3.20 


2.55  3.20 
2.98  I  3.0!< 
3.86  l.;{.s 
4.(K»  UA-Ci 
2. 0J<  2.  89 
2.79     1.92 


1.5<»  2.19 

li.Vm  3.(12 

1.4<>  2  86 

2.73  2.90 

3. 67  2  49 

3.  4(»  2.  27 


5.4;i 
3.(4 
2.(17 
5. 26 
1.95 
2  J»S 


3.90 
2.82 
1.81 
1.76 
1.2;-) 
3.:i2 


2  14  2  94 

2. 2H  6. 12 

2  52  4. 14 

3.  72  3. 12 

1.64  2.2; 

5.19  1.69 


3.23  0.82 

■;.(I8  1.31 

2  13  4.63 

1.64  2.00 

0..5({  2.10 

rt.'Ai  6.08 


I  2.54 
2.54 
!  2.61 
I  0.86 
'  2.08 
4.64 


Total 18.04    15  29    lH.2;    UH\   H5.::ii    1.5.73  '20  73   14.26    17.49  20.28   16.94   13.94  |  15.30 


June 

July 

AUKU8t 

Total 

September 

October 

November 


3.98  6.  .30 
3.97  .  .5.9(i 
1..38  i  3.69 


1.80  1.9^ 
5.04  l.!»8 
5. 27      7.  :»8 


3. 19  2. 99 
2.56  :  4.61 
0.S7     4  61  ; 


3. 18 
2. 52 
4.74 


rt.4.J 
4  l'.« 
3.  ui 


;.  72  2.  (« 
!.;S7  6.11 
..  (56      5.  88 


4.41  2.92  i 
4.22  1.82  ' 
6.70     7.21 


3.21 
2  96 
2  24 


9.3;}    15.k')    12.  U    11.54     (5  ».2    12  21    10.44    14.2.5    lo  75    14.54   1.5.;«    il.95       8.49 


Total 

Yearly  total 


7.  79  I  .3  19 

0. 27     3  49 

:  0.97     1.14 

9.03  i  7.82 

36740"  ,39. 06' 


1.80  2.00 
2. 64  5  54 
3.44     3.90 


2.51  1.94 
2.  43  2  22 
5.40     A.IM\ 


4.68 
6  10 
4.4H 


3.68 
:{.  4M 
.5.00 


8.91  1.94 
5  7f,  2. 13 
1.18     2.40 


2.08     3.20 
0.60     1.67  I 
2.2l»     0.91 


4.18 
4.62 
1.96 


7.88    11.44 
3«.  2.5~  36.  (»r 


10.3*  I  8. 52   1.5.26 
;«.32   m.M)  ,46.43 


12. 16 

40.67 


15.85  '•  6  47 
,44.  (W' 41. 29 


4.97     5.78 
i;37r24~,33.67' 


I  JO.  76 
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Talle  Nu.  2ij. — Record  of  precipitation  at  Alfndfor  the  itntter  years  LS^i/  to  IHiiS^ 

inclusive. 


Month. 

1889. 

1890.  1  1891. 

1892.      18U;j. 

■|  ■ 
3.60  ;    0.62 
4.06  '    4.45 
2.76       4.15 
3.18       3.34 
0.55  i    2.23 
5.80  ■■    6.89 

1894. 

1895. 

1896. 

4.08 
3.51 
3.38 

4.:« 

1.69 
2.62 

1897. 

1.64 
3.33 
1.67 
3.34 

1898. 

Mean. 

December 

January  

February 

Marrh 

2.55  1    2.72 
3.:«1  1    2.22 
2.31  i    4.27 
3.01       2.54 

3.56  2.21 
6.95  ,    0.60 

3.13      3.02 
3.02      3.39 
2.81      0.95 
1.35       1.30 

a  3. 90 

a3.53 

1.46 

3  82 

April 

Mky 

■'3.*86" 

8.09 
7.91 

36.31 

1.61 
3.90 

3.69  1    3.50 
3.36  1    3.27 



Total 

'  21.68  1  14.56 

19.95  1  30.68 

13.17  ;  18.46  1  15.93 

17.48 

June 

July 

Auguflt 

6.66      3.42      2.46 
4.47       1.63,    5.30 
1.85  .    6.17  1    5.01 

a.  Hi 
2.14 
3.72 

1.93 
3.02 
4.95 

9  90 

2.14  1    4.69      4.07      3.97 
2.96  1    2.60      4.49       5.47 
0..56  '    4.27       1.11       1.78 

3.79 
3.65 
6.31 

Total 

11.98     11.22     12.77 

11.34 

5.66     11.56  '    9.67  1  10.23 

13.66 

Beptember 

1.82  ;    9.47  ;    1.22 
2.44  !    4.79  1    2.61 
3.48       1.60  '    1.73 

2.04       4.90 
1.44  1    3.30 
4.31  I    2.98 

6.88 
3.64 
1.37 

0.95      5.04      3.88 
1.13  1    5.(J2       1.03 
3.34  I    3.15  |a3.33 

l.U 
5.13 
2.99 

October 

November 



Total 

7.74  :  15.86  1    5.56 

7.79 

11.18 

11.89 

5.43  ,  12.31 

7.23 

9.24 

Yearly  total... 

48.76  ;  :C89 

1 

39.08 

41.76 

43.86  i  30.15 

40.34 

33.36 

39.27 

38.83 

a  Mean  of — 

Angelica 

8.  Canisteo.. 

3.07    3.10    3.16 

3.66    2.71    3.90 

2)6.63    5.81    7J» 
3.32    2790    3.63 

Table  No.  %i.^Record  of  precipitation  at  Atigelica  for  the  tcater  years  1889  to 

1808,  inclusive. 


Month. 


December  . 
January  ... 
February . 

March 

April 

5ay 


Total. 


June 

July 

August  . 


1890.      1891.      1892.      189;3.      1894.      1895. 


a2.84 
3.10 
1.36 
1.67 
3.81 
5.12 


3.3J»      2.77 
3.47  ,    1.86  I 
3.:«i       1.63 
2.6:1  !ft2.54  ' 
3.59      2.46  , 
7.38  ■    1.35 


3.84 
3.37 
3.06 
3.65 
1.57 
7.31 


1.13  ]  3.53 
3.44  !  4.45 
4.37       3.81 


3.87 
4.;i7  I 
5.t«> 


1.78 
7.77 
8.83 


3.23 
3.35 
1.38 
3.86 
3.72 
3.01 


1896.   ;  1897.   '  1898.    'Mean. 


_!..._ 


4.03 
3.34  I 
4.16 
4.31 
1.58; 
1.99  I 


1.64 
3.13 
1.67 
4.31 
3.15 
4.07 


3.10 
3.16 
1.41 

3.:« 

3.73 
3.51 


17.80  I  23.69  ■  13.51     23.60     30.8:3  •  29.16  |  14.65  i  18.30     17.76     17.29  , 


7.43 

5.or» 

3.60 


4.52  :3.48 
3.94  /i5.aj 
6. 72      5.  :W 


5.14 
3.55 
3.67 


2.aj  .3.03 
1.79  4.14 
5.33  1    2.'M 


4.10      3.26      5.56      5.38 
3.4(»      5.66      5.14       1.79  I 
H.m  I    3.63  :     1.77       8.87  ' 


Total :  15.1W 


September ,  3.34 

October 3.:i3  ; 

November 4.37. 

Total I  9.94 

Yearly  total 


43.: 


14. 18     14. 17 

11. :w 

9.36 

8.43 

10.46 

11.55 

13.47     15.  m 

8.73       1.37 
4.73       2.61 
2.28       2.:« 

3.68 
3.51 
3.60 

3.67 
3.49 
3. 12 

7.14 

:i37 

1.70 

1.93 

:i46 

4.96 
3.18 
3.08 

1.74  ;     1.93     

O.iWi       4.76   

3.07      :j.oo> 

15.73  i    6.:J1  j    8.79 

7.38 

13.31 

6.70 

10.33 

5.46      9.69 

52.59     32.99  1  43.75 

37.47 

49.79 

31.71 

4fMr7 

35.69     43.92 

40.88 

a  Mean  of  all  Decembers. 


6  Alfred  record. 


Gi)6 
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Table  No.  25, — Record  of  precixniation  at  Arcade  for  the  miter  years  ISO  I  to 

ISCK'i,  inclusii'e. 


Month. 


December  . 
January  ... 
February . . 

March 

April 


tfay- 


Total. 


June 

July 

August 

Total. 

Beptomber. 

October 

Novemljer . 


Total -. 

Yearly  total  . 


1891.         18W. 


l.tV4  4.09 

1.82  I  2.52 

4.04  2.;J5 

1.87  1.77 

1.32  1.34 

1.87  7.1rt 


imi.        1894. 


1.51 

i.m 

4.(M) 
2.ft4 
4.47 

7.28 


1895. 


3.82 
3.12 

2.rn 
i.m  i 

«.(C 
10.JI5  I 


3.79 
0.99 
1.09 
1.51 
1.90 


1896.        1897. 


1898.     Mean. 


3.92 

i.m 

3.47 

2.35 

2.7«) 

4.29 

3.8<$ 

1.7tt 

1.66 

3.50 

2.80 

2.97 

i.:«( 

3.00 

2.90 

2.48 

4.30 

4.62 

.}    12.56       19.23  I    22.19  I    27.;W  |    11.34  |    17.47  |    16.28  |    19.91 


4.69 
5.11 
5.(X) 


9  3:)  I 
4.59 

4.78  I 


3.63 
2.88 
6.55 


14.80       18.70       13.06 


5.:i") 
2.70 
1.57 


4.04  I 

2.:i8 

5.71 


3. 19 
6.39 
3.77  ' 


2.64  I 
8.:»  I 
3.62 


2.66  , 
6.20 


9.62  I     12.13       13.35  1     14.61  |     14.86  j. 


2.3ti 
2.16 
3.10 

7.62 

"3r'98~ 


2.59 
3.tU3 
3.:«  i 


3. 19  I 

3.77 

1.95 


5.54  , 
4.»12  I 
1.82  I 


1.61  6.18  1 
2.26  3.22  I 
2.77         3.68  I 


1.13 
0.1>7 

4.:i'> 


4.77  I 

5.31 

3.79 


9.55  I      8.91 
~47r48  !    44.16 


11.98 
"48194" 


6.64 
«)."lT 


13.08 
"43.^ 


6.45 
~37.3r 


13.87  I 
48^1 


41.94 


Table  No.  26. — Record  of  precipitation  at  Atibunifor  certain  water  years,  as 
indicated,  from  IS^^'7  to  lS9i>\  in^^num't'e. 


Month. 


December 

January  

February  

March 

ApHl 

May 


Total 


June  ... 
July  ... 
Augu.st. 


September 

Octol)er 

November 


Total 

Yearly  total . 


1827.      1828.      1829.       1830.      Wi\.    I  1832.    |  1833. 


1.96 
2.75 
1.51 
0.93 
2.27 
2.03 

11.45 


Total 10.79 


4.88 
2.76 
3.15 


4.0!4 
1.IV5  , 
1.40 
1.84  I 

3.21  ! 


1.05 
2.85 
1.77 
1.01 
1.48 
1.94 


4.40 


0.66 

1.04   ; 

0.48 

4.02  ! 

i-'i; 

4.20    


fcl.rt2 
1.88 
2.50 
1.19 
1.46 
2.37 


1834.      1835.    .  1836. 


1.95 

1.48 
1.60  ' 
1.45 
I. ((5  , 

7.82  I 


2.25 
0.78 
l.:« 
1.00 

l.:io 

2.82 


1.88 
1.77 
1.47 
1.77 
4.68 
1.13 


1.63 
6.70 
3.30 
1.28 
2.80 
3.80  I 


1837. 


0.57 
1.06 
1.30 
2.50 
0.SO 
4.55 


15. 12  10. 1(J  i  12. 15 


11.02  15.95   9.53  13.70  I  19.41  I  10. 8T 


3.31 
7.45 
4.65 


3.95 
4.(r7 
3. 45 


7.83 
2.91 
l.:J5  I 


15.41  I  11.47     12.09 


2.09  I  3.46 

5.78  2.70 

1.55  I  1.26 

9.42  I  7. 


4.:j6 
2.70 

2.:w> 


3.25    .. 
2.95    .. 

3.70    .. 


1.4:^ 
3.35  I 
6.75  I 

11.5:1" 

~3.^ 
2.05  I 
2.(M5  I 


1.43 
5.6;j 
3.62 


3.42 
2.35 
2.:J5 


6.30 
3.12 
4.30 


3.<ie 
1.05 
2.32 


=lr 


3.00 
8.80 
4.56 


31.66     37.95 


9.36       9.90 
30.9:J  ,  :H.H 


.93 


10.68 

8.(J2 

"4.14 
2.30 
1.18  , 

13.81  1    6.39  1 

n.36 

2.80  1 

3.43 

0.79 

2.(K  1    3.30  1 
3.65      2.49 
2.40       0.87  1 

i.as 

3.30 

i.ao 

7.02 

7.52 

8.07       6.56  1 

6.78 

.  30.48     33.65  :  25.07  <  34.58  I  38.36 


28.50 


a  Onondaga  Hollow  record. 
6  Mean  of — 

Ledyard  

Canandaigua 


...  1.42 
..  1.81 

8)3.23 

1.02 
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Table  No.  26. — Record  of  precipiiation  at  Aidntrn   for  certain  trater  years^  as 
indicated,  from  ISi'7  to  ISOS,  iwc/M«?/*f— Continued. 


Month. 


1838.   1S:{I».   18«).   1841.   1842.  !  I84;l.   1844.  ,  I84r). 


December 

January  

February  

March 

ApHl 

May 

Total 

June 

July 

August 

Total 

September 

October 

Novem>>er 


.  l.ln 

J  1.13 

J  1.78 

J  l.:«) 

.  0.99 

J  i.a) 


1.15. 
2.70  I 
0.75  , 

2.30  I 
5.10 


3.15  I 
3. 10  I 
2.55 
1.20 
2.«5 
4.70  , 


3. 10 

3.48 

3.59  1 

1.56 

3.26 

3.25 


1.25 
4.10 
3.28 

3.:b 

2.67 


2.82 
2  74 
2.12 
3.89 
3.61  i 
5. 12  I 


4.22 
2.70 
2.26 
5.40 
4.68 
3.51 


4.55 

1.47 
2.61 
2.67 


1846.1 

1847. 

1848. 

1.48  • 

3.25 

6.21 

2.46  ; 

2.49 

1.91 

2.9f»  ' 

2.24 

0.83 

2.28  . 

1.72 

2.44 

0.92 

2.68 

i.(rr 

1.67  : 

1.75 

6.12 

Total 

Yearly  total . 


.50  I  13.50  1  17.  V)  '18.24     16.87  .  20.30  |  22.77     18.76     11.71  I  14.13  |    18.  W 


3.00  ,  7.46 
2.50  1.00 
2.64  I    3.70 


3.39  1.30 
3.23  I  2.09 
2.89  !    1.15 


3. 17  , 
3.89  I 


3.49  I  3.03 
2.1W  2.27 
3. 1 8  I    3.01 


1.76 
2.89 
2.05 


2.r3 
2.27 

2.58  1 


2.16 
3.86 
3.70 


8.14     12.16  I    9.51  I    4  54  I  11.49       9.:i6 


1.70  1.80 
2.35  1  1.00 
2.00  i    2.96 


2.57  I  1.86 
4.55  .  0.90 
3.45       3.49' 


6.05  ;    5.76  I  10.57 


4.34  I 
3.97  ; 
3.59 


6!  40 


8.31  ;    6.70  !    7.58 


1.51 
3.07 
3.79 


4.10 
3.6« 
4.27 


4.;^ 

4.40 
3.30  ' 


6.25 


11.90 


21.69     31.42  I  37.43  i  29.08  ,  40.26 


18.76 


48.42 


8.;)7  i  12.03     12.07  ! 


:10.45     37.49     31.36 


3.50 
5.55 
3.90 

12.a5 

36780' 


4.00 
4.99 

3.88 

12.90 

T77 
2. 119 
3.00 

8.76 

40.24 


Month. 


1849.  ial884.  1  1885.      1886. 


I>eceml)er 

January  

February 

March 

April 

May 

Total 

June 

July 

Augrust 

Total 

September 

October 

November 

Total 

Yearly  total . 


4.74 
4.38 
2.52 
3.78 
0.70 

4;« 


20.42 


4.30 
0.95 
1.29 


6.54 


5. 56 
4.79 
4.73 


15.08 


42.04 


0.73 
2.96 
1.88 
0.86 

o.ao 

3.67 
1040' 


1.64 
2.78 
3.56 
1.33 
2.61 
2.46 


14.38 


1.68 
2.78 

2.77 


.23 


8.56 
3.38 
2.05 


8.98 


26.61 


3.10 
4.64 
6.33 


14.07 


2.78 
3.82 
3.08 
3.78 
3.69 
2.92 


20.02 

~3'5.V 
7.83 
2.49 


1887. 


1888.  I   1889.      1890.      1897.      1888.    Mean. 


2.95 
3.05 
4.49 
3.64 
1.66 
1.56 


3.40      3.94  ! 
2.37       4.31  ! 

1.63  ' 

3.13    

4.11  , ' 

4.29  i    3.»i0 


3.07 


17.35  ;  18.  Ki  I 


2.92 
3.89 

2.:i 

2.31 
2.94 
5.24 


20.01  I 


13.85 


3.28 
3.95 

2.:W 


9.61 


38.06 


4.29 
2.85 
6.89 


14.03 


47.90 


3.05 
6.97 
3.73 


7.02 
2.74 
3.73 


7.49  I 
7.ai  1. 
2.96    . 


13.75  I  13.49  1  18.41 


3.72 

i.;i2 

0.61 
11.65  i 


0.93  ,  2.27  I  4.10 
1.75  i  4.56  3.38 
2.13  '    4.60  I    6.07 


3  29      5.:«) 
0  75       4.52 

4  4!)      8.65 


4.81  I  11.4,'l 


35.91  I  43.85 


13.55 


8.5;j 


3.47 


45.13  i    36.44 


a  Geneva  record. 
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Tai.le  No.  27. — Record  of  precipitation  at  Avon  for  certain  water  }^\xrs^  aa  indi- 
exited,  froni  ISOl  to  ISVS^  inclusit^'. 


Month. 


1891. 


181*2. 


December . 
January... 
February  . 

March 

April 

May 


Tot«l '    l: 


June 

July--.. 
AuiniHt  - 


1.05 

3.96 

1.99 

2.14 

2.88 

2.45 

3.63 

0.63 

1.13 

0.  70 

1.63 

4.08 

12.31 

13.  (W 

3767 

7. 77 

3.94 

2.M 

3.(» 

4.61 

189:1 


u.m  , 

2.8«» 
2.li2 

2.18 
4.00  j 

13.07 

l^ne" 


1M95. 


181HS. 

1897. 

1898. 

Mean. 

2.-58  ] 

0.79 

l.(«) 

1.97' 

1.97 

1.98 

1 5.  :i5 

0.64 

1.61 

3.2:3 

1.87 

l.«i 

1.05 

1.21 

1.46 

1.98  i 

1.75 

2.27 

16. 16  1 

8.23 

10.80 

Total 

lO.tW 

14.91 

September  _ 

1.42 
2.46 
1.50 

1.16 

Octobf»r    

1.42 

Novemljer 

3.27 

Total 

5.38 

28.3:) 

5.85 

Yearly  total. 

'M.72 

1.97 
4.87 
3.92 


1.96 
4.(K< 
0.90 


3.73 

2.09 

/r4.56 


10.76 

6.94  1 

10.38  I 

"~i'.8i 

0.46 
3.51 

3.82 
1.48 
1.82 

""1742"!" 
0.72  1 
2.19 

~3.l2"i 
2.72 

4.76  ' 

7.12  1 

4.33  1 

10.60  1 

34.04  i 

■ 

19.50  ! 

31.78 

29.67 

<i  Mount  Morris  record. 

Table  No.  28. — Record  of  prvcipitation  at  Baldwin ville  for  the  nxiter years  1890  to 

ISVS^  iuclusifif. 


Month. 

1H90. 

1891. 

;j.oi 

3.(r7 
3.95 
5.91 
1.62 

0.86 

18.42 

~  or66 
3.68 
2.10 

6.44 

~~1.1H 
2.77 
2.50 

6.31 

1«*2. 

4.10 
4.:}6 

2.:i9 
4.52 
1.65 
5.69 

22.71 

4.81 
4.64 

14.52 

l7l8' 
4.28 
8.92 

iHJtl. 

5.  C»l 
2.22 
5. 78 
2. 56 

4.:J8 

.5. 12 

1HU4. 

4.40 
3.07 
:i.77 
2.18 
2.20 
5.il6 

1895. 

2.62 
;).26 
4.12 

1.07 
1.80 

2.;w 

15.26 

1HJJ6. 

5.39 
3.5;) 

6.:j9 

4.52 
0.76 
2.70 

23.29 

1H97. 



3.64 
4.50 
1.51 

Mean. 

December 

January  

l.?2 
5.40 
0.99 
5.13 
;M8 
2.22 

17.64 

February 

March   

Anril               



1.52; 

2.23  1 

mS?.:::::::::::::: 

5. 75 

:J.84  I 

Total 

25.07 

21.58 

17.24  1 

5.64 
1.90 
8.89 

June  

July     

2.87 
7.lk-> 
5.15 

15.07 

"2763 
1.95 
2.11 

6.ta» 



415.83 

5.52  1 
2.97  ' 
1.64 

10. 13  1 

4.88  ' 
4.17 
3. 12 

2.09 
3.22 

2.48 

1.49 
4.34 
3.06 

8.2:3 
5.95 
2.63 

11.81 

a2.51  1 

1.59  1 

AutpiHt. ........... 

5.98  1 

Total 

11.43 

7.79 
2.63 

i.a5 

3.13 

8.89 

10.08 

:3.35 
4.85 

September 

October  

8.?2 
6.30 
4.34 

19.36 

5.63 
2.07 
3.07 

1.20 
0.65 
5.06 

November 

4.31    

Total 

12. 17  1 

~4J^i7h8' 

7.11 

10.77 

6.90 

11.51  1 

Yearly  total. 

31.17 

46.15 

80.16 

42.95 

86.35 

38.83 

39.54 

a  Phoenix  record. 
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Taple  No.  29. — Record  of  precipitation  at  BellevUle  for  certain  xcater  yearn^  as 
indicated,  from  1S30  to  1S45,  inclusive. 


Montb. 

t«a(i. 

1831. 

1^ 

itm. 

1*14. 

IV^. 

laaik  i!4»7. 
1 

in^. 

i.*4a. 

1M4. 

1&I6. 

1, 70 

Meftn 

Det'emb«r 

Jiinuiiry  — >,— .^ 

Fe  hr  uary ^„ . 

Mftrcli 

MH  ^  1.2U  |ifi,  irt'  ;j.lu 
o.ia  i '  a.fflt  1  i.:q 

Lm    2.^'    2.m 

l.Hfl     3.1H»    , 

ai3     II.WI1 

r>.7U    i.u  

It.(*4     2.42    .„.,. 
\/M     ft.42    

H  H5   Ul.lU    , 

rft.ff7 

i.mi 

am  I  2.4:1 
atk'i  1  2.54 

0.1B     1.37  L,,... 

1.06 '  aa7  1 

0.T4     2.15   ...... 

a  till    i.m 
ij.  75    '4.  ;k» 

4.4<i     0.6H 

;j.  12    2. 74    a.  22 
2.57     2.W7     (>.B5 
«.2B     1.51     L45 
2.2M     1.60     3.75 

Ai*ril  - 

M»y         .  ****    .-^ 

l,»t     1.3* 

1 
IH.14    15.114 

TciUl     „ 

a,  71     tt.TK   

1S.1M   11.50 

11.34 

^,77 

June                .... 

2.111    '  O.fll   1  2.56 

(>,[*»     3,fl« 

1.96     1.40    

6.53     l.«    

3.!£B 
3.04 

a.  69 

a  2* 

2.96 

U.76 

4.60 
a66 

— 

July.... 

aan  '  e.4«  , J  1.15  1  1.43 

(I.KS     2.5a' ^.12.0.75 

AtiffUftt  ,....*- 



Total., 

»ja 

ILll   1  a. Be     4.74 

p.as  i  S.41  ...... 

4.7» 

9.114 

fl-tn 

September.  -  ^ . . 

4.ltt( 

4.a£» 

5.7H   _.,.. 
8»  

1.42     1.38 
»,21     l.an 
2.31    2.m 

2.a5  ...... 

a.  15  

h^\ 

£.4«t 
4.57 

a.«4 

0.10 

3.43 
l.U 

October _., 

Xovflttiber , . 



Total 

ILra 

li.H  i 

fi.fi4 

4.72 

11.^ 

*Laal 

17.21 

10,«7 

4.76 

Yearly  total . 

^.16  ^ie.a] 

' 

£4.66  ielM]6 

SQ.ses 

89.11  

4s,3i  aft.e» 

SS.ll 

...... 

20.70 

a  Mean  of — 
Lowville. 
Potfldam. 


2.35 
2.73 


6  Lowville  record. 


2)5.08 
2.54 


c  Mean  of" 

SackettH  Harbor 3.11 

Lowville   2.37 

Mexico 3.43 

3T8JW) 
2.97 


Table  No.  30. — Record  of  precipitation  at  Binghamtonfor  the  water  years  1S90  to 

1898,  inclusive. 


Month. 

189a 

1891. 

1802.    1 

1893. 

1894. 

1895. 

a  31 
a  23 

1.60 
1.58 
2.29 
2.92 

1896. 

1897. 

1896. 

Mean. 

December      ...... 

3.15 
3.x  j 

8.27! 
4.46 
2.16 
1.16 

8.24 
4.21 
1.90 
3.98 
1.13 
6.08 

1.27 
2.42 
4.16 

2.80 

a  36 

5.16 

2.91 
2  18 
2.98 
1.51 
a  53 
5.34 

a  68 
a  1.30 
4.28 
4.68 
0.63 

an 

1.20 
1.45 
2.09 
2.92 
2.33 
4.88 

4.03 

January 

afl3    

Peljmary     .  . . .  .^  - 

2.71    

March..' 

2.99    

Anril 

a37    

May 

4.02     

Total 

17.50 

20.49 

5.43 
2.92 
6.04 

19.17 

18.45  i 

14.9:{ 

~~2.~05" 
4.06 
a  39 

9.50 

L.63 
2.64 

a  85 

1.42 

14.87 

21.05    .- 

_-r^= 

Jnne. -..-. 

4.77 
2.24 
6.29 

13.30 

3.55 
3.30  , 
6.56  < 

2.58 
4.10 

4.88 

1.97  ' 

2.88 

1.47 

6.32  1 

a  76 
2.54 

1.84 

2.16 

July       

2.05  1 

Augnst 

6.48  1 

Total 

13.44  ' 

14.39  • 

11.56 

7.91 

8.14 

~8.~57 
0.82 

2.89 

10.69 

September 

October 

4.04 
4.72 
1.50 

1.54  1 
4.24 
2.65  1 

1.33 
1.54 
2.65 

4.5() 
1.68 
1.3H 

4.98 
.5.62 
1.98 

2.11 
0.82 
2.94 

4.62 
a  68 
2.fi6 

2.70 
5.79 

November 

ai5   

Total 

10.28 

8.43  1 
~39.:J7'{ 

5.52 

7.56 

12.58  . 

6.87 

10.96 

7.28 

11.64 

Yearly  total. 

40.44) 

38.29 

37.35  i 

30.30 

36.50 

30.29 

43.38 

36.96 

a  Mean  of— 

Depofiit 1.30 

Waverly L30 

2)8.60 
1.30 
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T.\BLE  No.  31. — Rei'ord  of  precipitation  at  Bolixxir  for  certain  ivater  years,  as 
indicated,  from  IS91  to  JS9Sy  inclusit^. 


Month. 

1891. 

1892. 

1893.        1894.    ;    1895. 

1896. 

1897. 

1898. 

3.02 
3.91 
1.76 
5.36 
2.90 
3.46 

Mean. 

D©f*ember 

a2.t3        3.44         1.21         4.0h'/»2.15 

4.03 

1.38 
2.31 
1.44 

January  

February 

a  2.  OB        2.87      /»1.1«        3.68;      3.:«        1.95 
a 4. 42         3  16      ^4.9»i  !      2.02  1      0.95         2.9A 

Macch 

2.27 
a:{  19 

ni.oe 

2.84     62.:n 

0.98         4.40 
11.02      65.70 

1.78 

1.55        3.79        3.37 

Auril      

2.52 

2.58 

1.48  ,  2.48 
4.70  '      2.80 

Mky :.;.::::: 

Total      

14.24  .    24.31 

19  85 

=     ^ 

13. 10 

18.88  ,     13.78 

20.41 

2~44'~10.01    l^JH 
6  22  '      4.14      62.01 
5.02        2.42        4.12 

June 

4.67 
1.78 
3.76 

4.29  3.44 
7.75  6.3tt 
1.25        3.26 

5.12 
a2  57 

6.28 

July 

AuifUf^t -. 

13.29 

Total 

13.68       16.  .57 

~~  i'89       '  2735 
2.65  ,      2.21 

8.17 

10.21 

13.06 

13.97  ! 

Septeml^er 

October           

3.65  ; 1.93  1      4.86 

2  .58         3  72          1  67          4  (tt 

2.06 
0  70 

1.27 
4.97 
3.40 



November 

2.69         3.17         1.83  1 4.02  '   62.29  !      4.69 

:::::::: 

7.Z\        7.7:3        8.06 

Total 

7.^ 

11.18  1      7.45 

9.64  1 

Yearly  total 

35.15       48.61  ,    ;W.08  1 30.J© 

43.35  '    34.29 

44.00 

38.  tt 

a  Mean  of — 

Humphrey-.   ..  1.91     1.82    4.55    2.17    1.45    2.39 
Alfred 2.72    2.22    4.27    2.21    0.60    2.55 

2)4.6:^    4.1H    8.82    4.38    2.05    5.14 
2.32    2.02    4.42    2.19    l.ie    2.57 

6  Friendship  record. 

Table  No.  38. — Record  of  precipitation  at  Bridgewatei*  for  certain  water  years^ 
as  indicated  from  1S3S  to  ISSS,  inclusive. 


Month. 

1833. 

a  3. 81 
2.75 
2.24 

a»7 

0.72 
6.34 

1834. 

18:k. 

8.65 
4.10 
5.01 
4.96 
11.31 
2.49 

18:«. 
1.66 

1837.      1      1838. 

Mean. 

December 

5. 15 
4.19 
1.26 
1.98 
2.63 
2.16 

n2  44  '           1.95 

January 

i           5.99    

February       

2.87    

1.72     ... 

March  

^a?^-:;;:-.::::::;.::::::::::.: 

2.40   

2.28    

Total 

19.23 

3742 

7.16 
2.48 

17.37 

'~~  3JV0 
3.27 
2.26 

:I6. 52 

8.69 
4.70 
4.38 

^^-Jr^ 

17.70    

June 

5.85    ' 

Julv         

4.14      ..     . 

AuifUftt                     .-  -- -  . 

1.86  , 

Total 

13.06 

iuw 

4.70 
1.45 

"Tl.KJ 

n  of — 

Elamilton 

Utica.... 

9.(« 

4.42 
3.01 
2.79 

~~io7:tt" 

i.  31 

.5. 15 
2.20 

8.66 

11.85    1 

September 



1.40   

October 

4.61      ..  . 

November. 

2.05 

. 

'" 

Total 

8  OK  ! 

Yearly  total 

:W.62 

62.95 

.-w  rtl 

44.08 

....  3.47 
....  5.15 

3)'77S 
■3781" 

1 

aMea 

2.37 
2.51 

4.88 
2.44 
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Table  No.  38. — Record  of  precipitation  at  Brookfield  for  certain  water  yearn,  an 
indicated  from  1890  to  1HU8,  iiiclusix^. 


Month. 


1890.    I    1891. 


1892.    ;    1893.        IMM. 


1893. 


1896. 


cl897. 


cl898.  I  Mean. 


December I  a3.00  I 


January. 
February  . 

March 

April 


Ap: 
Ma; 


ay. 


4.95 
3.56  I 
4.11  I 
3.26  ; 

7.84 


5.60 
6.22  I 
5.06  I 
3.58 
1.76 
1.96 


Total !    38.72  '    24.18 


June 

July.... 
August . 


4.72 

1.97 
6.94 


2.34 

3.78 
5.59 


5.60 

1.27 

3.94 

1.92 

0.74 

3.29 

3.i»7 

2.(» 

0.67 

1.71 

7.99 

5.87 

5. 29 
3.69 
4.05 
2.65 
2.18 
6.50 


22.91       16.14  •    24.36 


6.34 
7.34  I 
8.31 


0.77 
4.:33 
6.65 


Total 18.63  !    ll.H 


September . 

October 

November  . 

Total. 


6.36  , 
6.01  ! 
3.31 


1.86 
3.70 
2.92 


15.68 


Yearly  total j    56. 


8.48 


21.99       11.75 


2.20 
0.94 
1.02 


4.16 


2.00  , 

2.88 
3.61  ; 


2.62  ' 
0. 75  i 
1.11 


3.56 
3.08 
1.95 


8.58 


44.37  I    53.48 


32.37 


8.50 


37.11 


I 
1.90 
1.70 
2. 25 
1.37  . 
2.14 


4.73 
1.50  I 
5.69  : 
4.23  I 
1.20 
1.54 


61.33 


12.12  I    18.89 


1.90  I 
1.33 
3.43  I 


2.75 
3.29 

2.82 


1.93 


1.92 
0.66 
3.11 


5.69 


l.W 

1.37 

62.81 


6.15 


3.01 
0.68 
4.34 


8.03 


24.47      33.90 


3.43 
5.30  I 
3.60 

2.r» 

4.39 
4.43 


23.54 


2.57 
2.63 
6.39 


11.59 


3.74 
6.49 
3.32 


13.55 


48.68 


41.30 


a  Mean  of — 

Ck>oper8town 2.68 

Utlca 3.31 


2)  5.^ 
8.00 
cBouckville  Record. 


6  Mean  of — 

New  Lisbon 2.96    0.95 

Oxford 2.66    1.?^ 


2)  6.62    2.67 
2.81    1.33 


Table  No.  34. — Record  of  precipitation  at  Burlington^  Vt,,for  the  water  years 

1884  to  1898,  inclusive. 


Month. 

1884. 

1885. 

1886. 

2.07 
1,68 
1.06 
1.38 
1.68 
2.61 

1887. 

1.70 
1.87 
1.67 
1.87 
2.21 
2.00 

1888. 

3.44 
1.06 
0.79 

3.n 

1.98 
3.26 

1889. 

1.68 
3.57 

\.m 

2.35 
1.51 

4.28 

1890. 

1.48 
2.05 
1.98 
62.68 
61.46 
6.12 

1891. 

December -.-^  x-,,- -- 

2.60 
2.36 
1.40 
0.86 
2.53 

1  90 

January , 

2  85 

February 

1.01 

March        

1.70 

April 

2.77 

May  . :      :::::..:... 

2.48 

2.16 

Total 

12.23 

10.43 

U.32 

14.19 

14.93 

16.77 

63.35 
3.33 
6.76 

l3.~44~ 

12.89 

June       .- 

al.23 
3.80 
3.41 

1.96 
3.94 
3.22 

4.38 
2.23 
2.80 

3.ft5 
1.47 
4.10 

6.26 
4.00 
2.48 

1.48 

July 

8.48 

AuflTunt         .- 

8.25 

Total 

8.44 

9.14 

9.41 

9.52 

12.83 

8.21 

September ........... 

3.50 

4.77 
3.94 

3.73 
L26 
4.29 

2.01 
1.99 
4.67 

5.68 
8.94 
8.60 

4.82 
3.32 
2.46 

3.84 
2.02 
2.81 

2.44 

October 

8.02 

November 

2.95 

2.73 

Total 

Ht.il 

9.27 

8.67 

18.22 

10.60 

8.17 

8.19 

YA^rly  tnt*l      

32.88 

28.84 

29.40 

86.98 

88.86 

37.38 

28.79 
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Table  No.  34. — Record  of  precipitaHon  at  Burliugton,  Vt,,for  Vie  water  years 
1884  to  1898,  t/tc/w«/ty~Con tinned. 


Month. 


1892.    I    1898.    I    1894.    I    1895.        1896. 


December 2.23 

January |     2.7rt 


February 
March. 
A_pril.. 
Blay  ... 


Total . 


HJ7 
0.92  I 
1.02 
4.28  I 


1.00 
0.70 
1.24 
0.52 
1.70 
3.17 


2.35 
1.30 
0.99 
1.31 
0.86 
3.54  I 


2.03 
1.31 
1.16 
0.77 
1.65 
8.79 


1.74 
0.63 
1.94 
3.54 
0.60 
1.25 


1897. 


0.88 
2.50 
1.08 
2.49 
4.01 
5.00 


12.88  I      8.33;    10.35  1    10.70        9.70       15.91 


June 6.72  1      1.73  i      1.45  1      2.78, 

July •      7.66  '      3.74  ;      1.67  ,      2.46 

AuKUst 67.18!      8.31         1.49  I      4.84 


Total .  21.56 


8.13 
3.83 
4.09  I 


5.63 

8.48 
4.06 


13.78 


4.51       10.08       11.05 


September 3.22  1  62.12 

October 61.12  |      1.72 

November 

Total 


3.28 


62.79 

3.59 

1.41        1.96 


3.64  I 

0.23 

4.32 


3.59 
2.53 
2.43 


18.19 


1806.     Mean. 


2.10 
2.60 
2.96 
1.04 
2.38 
2.14 


13.19 


2.93 
1.51  , 

4.58  I 


9.02 


2.13 
1.53 
4.41 


7.62  I      5.25  I      8.34  j      8.19  |      8.55  1      8.07 


Yearly  total 42.06  1    27.36      23.30      28.97:    29.30  j    42.17 


5.01  ; 
4.01 
1.90  i 


10.fi 


33.13 


38.77 


a  Eeeue  Valley  record. 


6Platt8burg,  N.  Y.,  record. 


Table  No.  35. — Record  of  precipitation  at  Cambridge  for  the  water  years  1827  to 

1839,  ivclwnve. 


Month. 

1^. 

i«a*. 

vm. 

imL 

WSL 

18SK. 

1»^ 

IKM. 

lias. 

lau. 

1837. 

wai. 

w». 

M«a& 

December.-^ 

Jaouary . 

February  _. 
Man^h.,..,., 

^;":::::::: 

«,4lt 

7.Sf4 

4,35 
S.49 

1.3I> 

0.4;i    3.1^ 
4.10     l.iH) 
».2S     5.fl0 
2.40    :*,a» 
4.«4     1.JJ4 
3.77     1.8*1 

t.90 
2.30 

S.50 
4.17 

4.  IB 
3.67 

4,  on 

a  30 

a.  51 

l.a4 

2.1» 
1.35 
ft.rt7 

L17 
1.41 

1.7l> 
2.43 
K,5*t 

Lfl8 
4  2fi 
a.  IS 

2m 

LUG 
2.iK 

ti.fte 
fi.rtK 
4.15 
0.96 
Sf.08 
*tt5 

i.ae 

4.50 

ao5 

S.tiB 
0.7S 

4,04 

2,10 
S.4T 
Lfl8 
0.fl6 
9.49 
£.17 

£.W 

2.dl 

2,ia 
3,aa 

3,65 

Total.. 

35.  SW 

lajiB 

11. HS  113.41 

ua^ 

2fl.W 

19.48  ill.  MS 

15.  y 

17.64 

17.66 

IE.  55 

19.06 

1T.4S 

JtlQe 

4.49 

.VH6 

4.fr7  '  5.15 

'A.m  '  h?o 

5.7VI     4.35 
4.72     *k83 

3.:B]r74 
i.m     £.68 

fi.i4   Lar 

4 .4H 
5.3» 

2.  SO 
2.63 

8.78 
4.^ 

7.08 
5.48 
£.31 

4.6ft 

July ., 

Auisuwt  , 

5.  Ill 
Ait* 

4.141 
S54 

S.fiO 
0.81 

raj 

a»L 
3t.9a 

ToUK. 

15.81 

8.28 

moi  14. 3J  |l^.l*8 

H.m 

a7» 

laOSI 

T.7» 

8.  IB 

I».l» 

14.81 

LfJSfi 

September , . 
October-.,.. 
NovemUrr  . , 

aw  1  d33 
4.72     2.47 
5f.y3  1  6.83 

3.35 

3.'r> 

122     3.^ 
4.^  1  4.2i 
am  1  4  2i 

2.79 
S.35 
a  13 

a  47 

4.21 
2.05 

1.10 
£.<F7 
SOO 

£.44 

3,10 
2,4* 

1.15 
2.28 

4.10 
3.  IS 
3,58 

3,17 
1.10 
2,48 

agr 
aeo 
a£s 

Total . 

11.31    LVfB  \\ihTi    HI  Si 

13  HH  ilLTH 

14.27 

W.7J 

6.77 

*,oe 

5.31 

10.83 

6. 75 

10.  la 

Yearly  total. 

1 

a&.35  «i.6« 

45.  tk^ 

46.44 

48.45 

».« 

m,m 

B8.4fi 

90.91 

44.S4 

4a.« 

4a  IT 

a  Mean  of  twelve  years. 
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Table  No.  36. — Record  of  precipitation  at  Canandaigua  for  the  trater  years  1SS9 

to  1838^  inclusive. 


Month. 

1829. 

1830. 

18;fl. 

2.75 
3.38 
2.49 

1832. 

1833. 

1834. 

3.86 
2.34 
3.66 
3.41 
3.13 
3.60 

1835. 

1836. 

1837. 

1838.  iMean. 

December 

al.05 
3.15 
2.86 
2.87 
3.27 
2.60 

3. 17 

3.84 
1.60 

1.81 
2.32 
3.86 
1.11 
2.21 
3.64 

14.95 

2.63 
1.71 
3.2») 
0.85 
1.46 
6.87 

16.72 

2.21 
2.64 

2.05 
A.  no 

1.59 
2.63 
4.35 

2.85  i 

Jannary  

1.95  ' 

February 

.3.95  1    3.49 
3.12  '    2.37 
3.76  1    3.80 
4.30  I    7.95 

1.90  1 

March 

2.70  1    2.03 
1.48  1    3.76 
4.67       3.30 

2.62      2.01  1  

April 

1.10  ;    3.80    

May 

3.d5  1    5.10   

1H.61      

Total 

15.80 

15.96     17.55 

20.00 

19.98  :  25.66 

15.53 

3.72 
3.18 
4.73 

June    

1.47 
3.03 
l.:i4 

7.78  1    4.49 
3.58  ,    3.91 
1.42!    3.78 

1.15 
3.30 
3.(3 

2.85 
4.91 

4.a> 

1.80 
3.36 
4.75 

3.80      5.10 
4. 06      0. 75 

6.75     

July 

2.10    

AUifUHt 

4.42 

l.«0 

i.im   

Total 

5.84 

12.78  .  12.18 

7.48 

12.11 

9.91 

12  'T 

7.45 

ll.tfi 

10.81      

"lT67~ 
4.66 
3.17 

8epteml)er 

October 

November 

3.54 
2.15 
1.75 

1.70      3.01 
2.  OH      3.90 
3.50      3.11 

2.00 
2.11 
2.59 

3.54 
3.85 
2.40 

2.90 
2.31 
3.11 

8.:i2 

3.70 
4.00 
3.06 

2.00 
3.60 
1.25 

4.00 
3.99 
8.81 



Total- 

7.44 

7.28 

10.02 

6.70 

9.79 

10.76 

6.85 

11.80 

9.50 

Yearly  total 

29.08 

36.08 

39.75 

29. 13 

38.62 

.S8.23 

43.01 

39.96 

88.96 

36.92 

36.97 

(I  Auburn  record. 


Table  No.  37. — Record  of  precipitation  at  Canton  for  certain  tvater  years  as  in- 
dicated from  1889  to  1898,  inclusive. 


Month. 

1889. 

tt2.6rf 
6.13 

1890. 

1891. 

1892. 

3.31 

2.87 
1.34 
2.52 

L:^7 
5.21 

1893. 

1894. 

1895. 

1806. 

1897.      18H8.    Mean. 

December 

January 

3.63 
I  in 

1.94 
2.57 
1.86 
2.61 
2.43 
1.44 

12.85 

1.00 
1.68 
1.94 
0.9S 

2.  .35 
3.30 
2.55 

2.00 

6.31 
2.25 
5.45 
4.49 
2.66 
1.51 

0.80 
62.58 

1.65 
b2.95 

3.21 
6.76 
3.13 
1  47 

Fnbruary 

2.52      4.19 
0.91       1.68 
2.61  1    2.14 
3.25  '    4.76 

March 

April 

2.29       1.50 

2.47 

3.16      1.47    

May     ::..:::..:: 

7.21  1    4.11  .    1.67 

3.49      2.69    

30.86 

Total 

18.10 

16.62 

6.81 
3.98 

8.93 

15.13 

13.34 

22.67 

14.63     18.73 



June          . .... 

6.70  i    a.iSi 
8.2i'>      3.80 
2.  OH       4.19 

17.ai     11.32 

L46 
6.25 
6.06 

.3.05 

2  30 

2.'M 
2.96 
.5.14 

3.30 
3.25 
3.89 

2.50      3.93 
7.58       1.96 
3.33      6.00 

July 

:    3.92 

'    0.85 

AugUHt 

Total 

13.77 

19.72 

1    5.97 

10.44 

10.  .53 

13.41     11.8I» 

September    

2.67       4.94 
3.52      2.28 
3.59      4.06 

1.33 
3.12 
3.06 

2.68 
1.61 
4.19 

3.36 
4.33 
2. 75 

5.08 
0.53 
5.42 

5.46 
1.02 
3.26 

1.24      6.63 
0.64       4.a5 
5.:38       2.01 

October 

November 

9.78 

Total 

11  28 

7.51 

8.48 

10.34 

10.98 

9.74 

7.36  1  12.99 

44.91     4;i.H\ 

Yearly  total 

:^4.13 

44.82 

1  .$4.76  ■  42.94 

36.30     4;).  61 

40.49 

a  Mean  of — 

Utica 3.12 

Palermo 2.25 

2)  5^37 
2.68 


b  Mean  of — 

De  Kalb  Junction 3.47  3.19 

Potedam 2.70  2.70 

2)Tl7  5.89 

2.58  2.9J 
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Table  No.  'SS.—Jiecord  of  precipitation  at  Cazenoina  for  certain  icater  ytars  as 
indicated  front  JS,W  to  ISJ^f,  inclusive. 


Month. 


December . 
January... 
February  . 

March 

April 

Blay 


\m\ 


3.49 

0.91 
3.92 
2.10 
3.51 


I 


li<a>.        !«:«.        IKU.    .    1835. 


3.27  1 

0.35  ' 

3. 50 

2.  Wf) 

2.:» 

3.40' 

l.W 

1.42  1 

1.5tl  ' 

1.44 

2. 01 

3. 10 

1.11  I 

l.:38 

l.rtl 

l.W 

1.31 

1.85 

2.51 

O.Ml 

4.81 

2.42 

1.98 

2.48 

4.tiO 

2.21 

3.  (Ml 

.5.30 

3.42 

2. 77 

18:». 


3.83 


1837.      1838.      18:«. 


a  0.87  I 
2. 73 
2.^» 

2.85  ■ 
1.64  , 
3.53  I 


2.47 
2.00 
1.33 
1.29 
1.78 
6.42 


Total. 

June 

July 

AugUKt 


14.07  i     17.58       12.<«8  I    15. (W       14.30       13. .58 


13.87     15.29 


l.U 
4.58 
1.21 
2  .52 
1.73 
4.67 


15.  K5 


7.03  , 
5.09  I 
2.14 


5. 10  , 
4.:>4  I 
3.  73  . 


!.  78         5. 10  I 
;.31         1.80 
!.79  I      2.:t'  I 


5.97 
3.03 
4.24 


Total 14.26  I    13.;J7       13.19  1     11.88!      9.22       13.24 


September . 

October 

November  . 


4.00 
2.27 

4.86 


Total.. 
Yearly  total. 


11.18 


39.46 


2.94  ,  2. 
3.66  2. 
2. 76  !      3. 


9.36 


65  I  4. 
70  4. 
92        3. 


4.45 
3.94 

2.38 ; 


1.97 
2.53 
1.50 


-  = 


9.27  I     11.18  1    10.77  I      6.00 


.'    5.53 

-1    4.88 
J    4.27 


7.65  I 
3.48 
5.91  I 


4.M) 
3.  SB 
3.66 


14.68     17.04  I     10.74 


2.63 
5.29 

2.58 


2.31  ,  2.98 
4.44  ,  1.36 
3.55  I      4.00 


10.60  I  10.30 


8.29 


40.31,    ;i4.54  I    ;i8.12      34.39,    32.82  1 189.06  142.63  1    34.88 


I 


I    ' 


Month. 


1840.  I   1841.      1842.  I   184:1.   :   1844.      1845.      1846.      1847.  I   1848. 


December.. 
January  ... 
February . . 
March  ..'... 

April 

Bday 


Total. 


June 

July 

Autnist 


- 



2.36 

3.49 

1.70 

2. 70 

2.  .35 

0.55 

3.11 

4.a5 

10.46 

2.85 

3.42 

2.32 

33.40 

16.26 

4.61 

"3^90" 

4.09 

2.78 

2..'i6 

2.20 

4.32 

1.82 
5.08 
2.84 
2.29 
l.(i4 


17.99 

~3.iir 

6.;«) 
6.01 


2.  .33 
3.99  , 
2.70 
3. 70 
2  27 
L.50 


1.5<I 
2.86 
1.86 
2..W 
1.K5 
7.60 


16. 49  I  18. 17 


'ZM\       1.90  ] 
3.;«       2.41  ' 
,3.07       2.  ,56 
3.81       2.23 

3.79  I    1.44  I 

4.«J5  '    4.43 


21.60     1.5.00  I  12.87  i  17.94 


2.29  ' 

1.85  ; 

.3.59  ■ 

1.81  I 
1..51 
1.82 


3.23 
2.47 
1.70 
3.49 
1.94 
,5.11 


Total I  11.26 


September 

October 

November 


3.86 
3.00 
1.46 


Total... 
Yearly  total . 


'    8.32 
I  42.98' 


8.88     15.49 


4.77  , 

4.08  I 
6.01   I 


3.34 
.5.92  ' 
3.13 


3.  .38  I 
3.29 
2.40  I 


3.08 
4.97 

4.:h  j 


3.25 
.3.23 

1.72 


4.24 
6.75 

3.87 


14.86     12.31»       9.07     12.39  i    8.20  i  13.86 


1.97  I 
1.80 
.3.41  I 


6.27 

4.(J8 


I   6.4:^  I 

4.46 
4.ti8 


.  18  :  12.  74 


32.32 


1.5.  .57 


46.22     46.92 


1.86 
4.:i2 

l.(iO  I 

7.78  ! 


8.  .53 
3.26  I 
2.60 


40.06 


4.  .56 
2.61 

4.28  I 


5.30 
4.69 
3.80 


3.10 
2.11 
2.41 


11.45 

is."8r 


1.3.69  i 


34.76  ,  89.42 


1849.    Mean. 


.5.30 
1.99 
0.89 
2.66 
1.99 
4.25 


17  17 


6.64 

O.HO 
4.67 

iTTl 


2.53 
6.96 
2.67 


12.16 


40.44 


38.76 


u  Onoudat;a  Hollow  records. 
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Tabij=:  No.  39. — Record  of  precipitation  at  Cherry  Valley  for  certain  water  years, 
as  indicated  J  from  1827  to  1S54,  inchisive. 


Month, 

IttlT, 

IfiQi. 

1SS». 

iratj* 

iHSIL 

IKE. 
3.05 

iRa3, 

1S34. 

1K36. 

183t$, 

laar.  iMi* 

Decftmlier *... 

Jimtiftrv  . 

ol.iC 
5.51 
7  (11 
2.1W1 
4.*! 

lUT 
l.£? 

0.15 
4.1& 

4.tM 

1 

2.78  ,  4.3K 
3.7K  1  H.«7 

4.H5     2.IH 

2.U1    «.a3 
3.:h   4*a> 

a2.S0 

2  Kit 

3.70 
1   7lt 

1S2 

:i24 

1.40 
3,10 

I.m 

5,01 
3.20 
1.22 
2.  SIS 

3.51    62.10 

3  33 

Pebninry ,,, , 

March 

AoHK , -, 

i.KJ  1  i.m 

1.6«  !  ^.a-i 
<PJIa     4.13 

-      0,M 

3.31 

4  IS 

mSj  :.::::::;::::::;: 

:;.  15 

Total-,. — 

*r.aj 

i:i;w  ]  ir*ije 

V&.Ti^i  fH*?1 

L8.52 

'3  »1 

V4.3ra  16.81 

-— ..|  m,u 

June,, .***HHr 

4.K1 

■ViJl 
r,.77 
3.  Js 

;ioi 

0,14  :  4..1H 

3.41 

il  ^  1  Km  1           .    i  fH 

jDly - 

eji 

1,415 

4.tW 

aw 

tkWl     a.  Kl  1  3. 71     2*97  1           i    3  30 

Austlet .-^. 

2,Hs  1,46 15.17  j  2,4a  i::::"  z.m 

Total-..-.--.... 

17.  n 

33,13 

HK 

13.71 

12.15 

m.  12  1  H.17  LT,t*0  11.11 

n^^ 

1 

Septeuilwr  .  -~~ 

fi.rK 

l.flT 

5. --53 
S.T7 

4  20 

3.30 

3.01 
3.8fl 
5.37 

3.n7 

5.40 
3*72 

4  JO     3  ^ 

1  76     ^  ' 

3  25 

Uclciber  .... ...... 

NpTember..... 

4.W 
2,4H 

3«r 

1.H7 

11^ 
2.44 

4,*ia  ...... 

1.62   

2,es 

4*  IS 

Toti&l 

iS.Sti 

1L37 

10.83 

1:1*; 

13.{H» 

11.17 

ft.3iJ 

6.B8  1  H.M6  ^ 

9  US 

yearly  total 

5LT3 

37.84 

4J.77 

43.45  l60,37    

1           J 

18.11  ^.&7  35*14  85.ei  ....... 

1        1                ! 

35.78 

Mo&tlu 

imSL 

1»43. 

1J«4 

im. 

lS4fl. 

iSSa      JH51, 

i8sa. 

i«5a. 

!>«». 

Mean. 

DeceDiher  ..,,,,-,-,, 

4.fl5 
2,07 
4.ftl 

3.ee 

B.<lfi 
l.«0 

afl3 
I.Nii 
2*14 
5.67 
a.4J» 
3.72 

2.66 
2.55 
0*B7 
2,86 
I*  7ft 
7.3& 

0,81 
3,71 

a.oa 
a,fle 
2.75 

1.35 

.,....,    5  Jia 

6.20 

JanoarjT -n.,. 

O.Ttt 

F*=ibriiary ... „.,,. 

a*  19 

O.IM 

1 

Marcli -,_ 

3.47 
4.01 

2.&rj 

' 

i£?h:::::::::::::::: 

"4."67  \"i:m 

,„.„. 

.*.|. 

""* 

Total..,., 

'^M 

19.01 

IT.  82 

14.3) 

1 

"*  ■     » ,,   *    .■ 

June  . . . , 

4.  IB 

4-M 

fi.01 
fi.27 

S.63       R.M 

'■ 

2.17 
l.Bl 
3,11 

1,42 

2.0S 

4.34   

Jnty , 

5.n 

a.  05 
2.44 

AtiKUBt  .*. 

*  ■  *  * 

Total „., 

\%,^ 

11.04 

10.70 

f».]5 

„*,*., 

l,,*»«^ 

»,..... 

,***,*- 

B*pteiii"ber 

October... , 

3.73 

3.53 

2.70 
4.«7 
3.te 

2.85 
2.14 
2.07 

4.3n, 

3.82 
4.44 

"4Vm 
3.14 

O.M 
2.d4 

3.tm 

i.ea 

4.17 

!    3.70 

NoTerolper  ^  ■>*......., 

Total...*.****  , 

U*B 

11.30 

7*4n 

12.44 

*'  '  * 

......_.  --,,-,-| 

Yearly  total.. 

47*16 

46*60 

36,94^     V&.m 

:_....l 

1L10 

1 



\ 

a  Hart  wick  record. 

b  Mean  of — 

Utica 3.09 

Fairfield 1.05 

Oxford 2.35 


H.  Doc.  149- 


-45 


3)  6J8 
2.16 
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Table  No.  40. — Record  of  precipitation  at  Clinton  for  certain  tcater  yeara^  as 
indicated,  from  1851  to  1865^  < 


DKKP    WATf:RWAYS. 

toh 

,  inclusive. 


Month. 

1851. 

1852. 
3.  OK 

1853. 

5.16 
2.46 
a3.08 
2.78 
3.70 
4.61 

1&54. 

1855. 

1856. 

1857.   i 

1856. 

December 

U4.74 

1.49 
2.6(> 
2.90 
4.30 
8.19 
2.70 

2.65 
4.11 
1.10 
0.80 
0.42 
2.15 

8.81 
l.ar) 
1.90 
2.33 
2.41 
4.82 

3.08  ; 

1.46' 
2.96 
8.63 
0.18 
4.66  1 

4. 78 

Jauuarv  ... 

1.46        2.86 

2.43 

February 

3.86 

1.65 

a  3. 72 

2.52 

2.48 
3.55 
3.91 
4.12 

2.01 

Marrli           

1.41 

S5?V.:::::-.:::::-.:::::-.:::;::::;::: 

4.  .17 
4.78 

Total 

17.95 

20.  OJ) 

21.79 

22.33 

~~4.il 

2.76 
2  60 

11.23 

15.86 

24.92 

19.73 

June 

July 

August 

4.90  ,      3.90 
5.37        4.36 
2.94        2.80 

2.75 
3.fW 
4.58 

8.12 
8.03 
3.59 

2.66 
1.42 
3.07 

8.51 
4.68  1 
7.15  1 

4.  an 

4.18 
3.34 

Total 

13.21       11.15 

2.^    "~2.9«~ 
3.06  1      5.37 
4.79  '      5.66 

10.41 

~6.75' 
3.3f) 
3.06 

10.17 

19.74 

7.14 

20.34 

11.72 

September 

OctoU»r 

November 

~3!ar 

2.68 
2.72 

4.66 
7.21 
3.89 

3.72 
1.17 
3.65 

4.40   : 

6.41 
8.91 

8.38 
4.S5 
8.M 

Total 

10.62  !    14.  IK 
41.78       46.17 

13.11 
45.31 

9.5» 
~41.82' 

15.76 
-46.1JI-' 

8.54 

14.73 

11.47 

Yearly  total 

31.54 

58.96 

42.98 

Month. 


18.W. 


1860.        1861.    I     1862. 


Doceml>er j  3.99 

January 3.63 

February 1.32 

March 3.78 

April '  5.85 

May 2.28 


'L 


4.68 
1.2:^ 
1.02 
1.80 
1.72 
5.25 


Total I    30.85  1    15.60 


June 6.75  i 

July 4.73  ! 

August I  3.33 

Total i  14.81 


3.(» 
6.13 
4.20 


14  01 


September '     5.36        4.22 

October ■      2.69,     5.77 

November |      4.65        6.08 


2.33 


Total 12.70  i    16.07 


Yearly  tot«l 48.38      45.68 


M.44 
2.90 
1.80 
2.40 
1.46  . 
1.91 


1H63. 


2.38 
5.49 
2.62 

2.84 
1.07 
2.97 


1864. 


4.56 
2.83 
1.01 
1.79 
2.38 
3.73 


11.91   17.37  I  16.30 


2.36  1.68 
3.06  5.46 
1.52    5.84 


1.15 
2.38 
7.56 


6.84   12.98  I  11.10 


1.49  2.47 
4.65  2.97 
4.84    3.75 


2  73 
3!65 
8.64 


10.98    8.19  1   9.91 


29.73      38.54  I    37.81 


1865. 

Mean. 

2.38 
2.42 
4.66 

..i.iiir 

43.88 


a  Mt»an  of — 

Oxford 4.46 

Pompey^ 4.22 

Cherry  Valley 5.53 


4. 28    4.13 
3.16    2.1*4 


3)  14^1    2;7.44    6.J7 
4.74       3.?2    3.08 


/*  Mean  of— 

Cooperstown 1.78 

Mexico 1.10 

2)  sTS 

1.44 
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Table  No.  41.-^i2ecord  of  precipitation  at  Constableville  for  the  water  years  1SS9 

to  lSO,h  inclusive. 


Mouth. 

1889. 

1890. 

1891. 

1892. 

1893. 

Mean. 

December.............. 

a2.fl8 
4.05 
5.46 
1.21 
1.94 
3.00 

0.14 
7.24 

5.9:) 

3.02 
3.76 

8.43 

2.72 

5!  84 
8.24 
5. 12 
2.  ft-) 
1.6:J 

5.:» 

6.89 
3.48 
4.:^7 
2.18 
6.64 

1.15 
63.78  ' 
4.19  i 
1.87  1 
2.62  1 
4.87 

January 

February  

March... 

April 

May 

Total 

18.40 

5.86 
7.13 
1.65 

34.52 

26.50 

28.95 

18.48 

June 

July 

August 

3.90 
8.45 
5. 5t> 

3.23 
5. 76 
4.34 

65.43 
5.45 

8.19 

2.93 
2.(H 
0.00 

Total 

14.  (H 

17.91 

1:133 

~    l."75" 
3.12 
6.47 

19.07 

1.83 
2.70 

10.97 

1 

8ept*'mber 

3.15 

4.63 
6.26 

8.5:1 
6.05 
4.72 

.         . 

October  

1 

November 

Total 

13.99 

19.30 

11.34 

7.59  ; 

Yearly  total 

47.(6 

71.73 

51.17 

~     55^ 

56.38 

1 

a  Mean  of — 

Utica 3.12  I 

Palermo 2.25 

2)5^ 

2.68 


b  Turin  record. 


Table  No.  42. — Record  of  precipitation  at  Cooperstown  for  the  water  years  1854 

to  lS98j  inclusive. 


Month. 

iB^i.  ,  ]«S5l 

1860. 

■mi. 

Jil&B. 

li^.  isaa  186L 

i«rta.  1  ijjtfi. 

1H64. 

18d& 

December....,*, 

Janu&ry 

Febraary ♦ ^ 

Marrb ,_« - 

2,10 
a.  4*1 
a,  33 
7.13 
3.11 

3.30 

1.23 
O.ftl 

4.1s 

2,ao 

4.  n 

1.12 

o.ai 

4.44 

2.15 
1.83 

1.77 
l.M 
0.ff7 

2.  Si 

0.&4 
3.B5 
4  19 

Lpr 

3.te     1.45 

a:c  ^2,00 
ii.ri    1.30 
i,<fe-»  ^  2.71 
i.iws  1  ;i9* 
1.83  1  a  u 

l.TM 
3.W 

UNO 
l.W» 

1.34 
4.04 

2.aa 

ILiltt 

i3.»4 
1.08 
0.8B 

3.a> 

3.19 
3.40 

a.  ST 

3.23 

Lad 

3.4fi 

AtjHl ,..__,... 

£.10 

May- , - 

5.1*3  I  4.tf5 

1.4(J 

6-28 

Ajm 

Total. 

ro.50 

13.83 

15.:^ 

3aa%<15.03 

16.  iO  1  B.4«  .14..^   14.37  117.83  lH>35 

17.06 

June  ,,,,***-«,-.•..  ---.— 

L4R 

7.76 
4,84 
U.73 

V,46 

5.3* 

7.11 
3.43 

5.39 
4.47 

3.15 
7AI7 

1.97 
7.36 

«j:i 
3.37 
3.28 

3.43 

T.ttK 
ft.  84 

l.oir 
1.7SJ 
6.81 

3.30 

July  , ..,. 

Augiwt , 

3.70 

1  le 

Total _ 

a.  53 

IB.33 

U,47  RTB  liB.aa 

U.51  (17.11 

msr  ii2,78 

17.19  1  i.eo 

7,11 

September 

IfoTember . . . .  ^ * . 

4.13 

a.n 

t.ti 
A.3fl 
3  50 

3.45 
0.88 

*IO 

£.45 

■;;.*3    5.41 

2,80 
4.±J 

'157 
5.16 
3.1t| 

2.  as 
4.80 
4,17 

4.33 
1.74 
3.W 

2.§H 
£.39 
2.37 

4.^ 
3.8I» 
3.14 

Total 

0.05 

1U» 

nm  jiLUo 

ijt*r  11X23 ; 

9.71 

U.8n  I11.3B 

o.oa 

7.M 

12.00 

Yearly  total........ 

8Q.W 

«.« 

m.m  \^i.m 

45.8:2  41.16 

3&.3D 

40.35  JB».  a 

44.  S? 

aK60 

36.77 

a  Mean  of — 

Oxford..  1.28 
ginton..  1.49 

2)3._75 
'1.88 
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Table  No.  42. — Record  of  predpiiation  at  CaoperHtowii  for  the  icater  year^  1S54 
to  ISOS,  inclusive — Continued. 


Mouth. 

is«e.  I  iii*t:. 

IWtf. 

inwe, 

4.31 
:i.*S7 

5  4« 

1 

1^4.  i»7ISl  iJcn-hRrr. 

Decemlier „ 

January ,.. 

FebriiaJ^y -,**_.. 

March  .;, 

April „.„.„. 

Miy..„ ...-„.„ 

1.M 
1.7M 

i.o; 

2.  Til) 

LH7 

7,:iH 

LOT 

:i.7# 

5.7e 

-l.Ki  1  \M    I.Tfl 
4.  Id     1,U    \l'^ 
li^%     Ll*4     l.,W 
ii.M     rj.i5f     II.  W 

:;.iw    :i.*w    i.i: 
\M  1  aifi    4.i« 

*  17 

;i<ii 

].«7 
4.<il 
3.U0 
l,tt> 

3.H6 

3.7ri 

3.3t» 
1,35 
4.li* 

1,27     1,4H 
±10     4.11 
IJO  i  4.13 

3. IB  'aai; 

a.aal  lot 

3.:m 

a,  JIT 
1.7T 
1.27 

ToUl , 

ILW 

r.Tfl 

1.-5.7:1 

^UKi  1  IS.  1*1   Its.  17  |p,Bfl 

15.  W^ 

UM 

11,73  |llt.73     1L«8 

JtlQC _„.„*,.** , 

4.27 

3.  AT 
S.S4 

2J5 
6,10 

4.94 
£4T 

4,;U 
4.r,T 
3je 

4.14 

2/74 

4.IU 

4,50 

7,:n 

4.45 

l.W 

5.  aw 

7.fllJ 
5.34 

5,34  '  I.V}      4,71 

July.. 

AufcfnHt ..-*. — 

3.34     5.13       n.7^ 

5,85   aea     g,M 

Total .„.„, 

\yym 

1U.90 

8.30 

]l,w 

7.M»    11..% 

l7.Ui» 

13.:^ 

13, «) 

14,33 

10.4ffi     14.33 

October 

November.  -.,„*,„*, ,«. 

."1(4 
4.ji5 
10.^1 

3,  AS 

L53 

5  74 

6.28 

3.;n 
a  1ft 

a.KI 
3.  HO 

i.aa 

M7 
1.07 

3,33 
l.OS 

3.41 
5.02 

4.13 

2.S5 

3.tttJ 
£.8fi 

4.146 

3.n(» 

l,7:ii    4.4S 
1.45       3.33 

Tctal 

B.5* 

la.llJ 

il;s  I^.TiS 

«je 

13.  IH 

7.7t» 

ia4^ 

1^.97  I    R5A 

Yearly  total.-.-.... 

ai.TT 

3:.5& '3r.]5 

44,15  ^.75  30.58 

38.51 

41.  M 

3».UV  37.53 

3ft.3D     3S.7T 

Month. 


December  .,. 

JjiQuury 

Ft?braiiry  ,.,. 

MAn.'b.. .. 

ApHl. ....,,„ 
May , „,.-.-.. 


Total. 


June 

July.... 
Auifii^t  . 


Total. 


September 

Octolxir 

Novem>>er 

Total 

Yearly  total ... 


I!i7»i.  I  Vm.      imi      IIWL 


afl7 
3,33 
1.80 
2.i*7 
3.47 
4.JJ 


15.  W 

4.25 
3.57 
2.W 


2.:iri 

3  Bl 
3.01 
3.48 


4.30 
3,3a 
1.71 
3.7i^ 
3.^ 


l.KJ 
3.5* 
1.5.1 
3.(^ 
il,tK4 


iwti,    i!W3.    itt84.    vm.  I  i}<^  ^  iHs;. 


3.tt7 
3.17 
3.4J4 

3.W 


3.ie  '  l.Sft 

1.49  3.17 

3. 74  '  3.  ]« 

l.t»  4.48 

l.fl8  ],») 

3.15  3.B7 


4.011 
3.(11 
3.4fl 
0.55 


14.  la  ,  18.37     12.33  ;  19.02     13.77     17.91  I  15.34 


3.  IS 

1,HU 

3.P3 
3,nO 


13.12 


4.16  I    2.78 


2.H2  ! 
1.4,i 


4.49 


3.50 
3.07 
0.?^ 


I    4.88 
2.44  1 
0.91 


4.02  2.10 
4.n  3.01 
3.21       2.40 


3.59 
3.00 
9.08 


10.73 

3729 
3.29 
3.18 


9.70 


8.44  I  10.05       7.38       8.23     12.eO       7.(W  I  13.1 


2.12  3.17 
1.20  2.42 
3.U0      3.02 


1.43  , 

4.89 

3.24 


3.r>8 

1.48 
1.79 


5.05 


1.29 
2.96       3.31 
I    1.76      2.86 


6.:i8  .    8.61 
».73'  37T3J 


9.56 
7.'9!27 


6.95  I    9.7 


7.40 


34.80,36.14     33.00 


1.96 
4.19 
3.03 


8.01 
8.02 
2.56 


8.58 


4.12 
2.54 
4.72 


9.20  I  11.. '» 


lf«!l. 


3,43 
£.47 
1.5B 
3.34 

£.78 


3.0U 
3.2S 
5.*1 
4.33 

3!  83 


20.01       16.  G8 


2.56  , 

2.a3 

3.31 


4.38 
1.58 
4.95 


8.75  I    10.  T» 


1.42  I  3.07 
1.19  4.09 
3.15,      8.00 


5.76  1    11.15 


40.21     33.00  I  84.52  I    38.67 


Month. 

1889. 

1890. 

IrtU. 

iwe. 

4.96 

1893.      1894. 

1895. 

189»i. 

1807. 

1.21 
1.72 
2.«l 
3.31 
8.65 
5.21 

im. 

Mean. 

December - 

3.30 
2.22 
1.79 
1.76 
2.93 
3.96 

2.68 
4.39 
2.91 
4.17 

2.86 
8.84 

4.:« 

1.53 
1.8J> 
4.99 
2.13 
2.«i 
6.74 

4.02 
2.84 
2.00 
1.92 
2.54 
5.29 

2.83 
2.34 
1.43 
1.93 
2.89 
2.44 

3.89 
1.48 
5.36 
4.74 
1.2> 
2.8-3 

4.04 
4.00 
2.03 
2.14 
4.00 
4.70 

January 

5.54 
4.76 
2.60 
2  22 
2!  16 

4.99 
2.23 
3.43 
1.38 

7.8L> 

February 

March 

April 

a&y. ...... ........... 

....... 

Total 

15.96  1  25.85 

21.61  !  24.81 

30.24 

2.») 
4.85 
7.59 

18.70 

13.36 

19.05 

17.16 

83.31 

June ........... 

5.95       4.89 

"198" 
5.02 
4.26 

4.86 
7.80 
7.96 

2.ii2 
3.41 

1.88 

2.18 
3.80 
7.15 

4.70" 
4.00 
3.49 

6.22 
4.86 
6. 00 

~3.1o' 
8.02 
0.76 

July           

5.61 
2.13 

8.39 
6.01 

Aug^uflt  .............. 

Total 

13.69  1  14.20 

11.26 

20.62 

3.57 
1.79 
3.19 

14.64 

7.91 

"5.55" 
4.73 
2.?i 

13.13 

~2.86 
2.17 
3.65 

12.70 

16.68 

16.67 

September 

October 

3.87 
3.17 
3.50 

7.24 
6.91 
3.17 

1.41 
3.01 
3.15 

4.08 
1  27 
2.20 

4.83 
2.23 
8.66 

8.40 
0.64 
6.21 

4.80 
6.89 
4.64 



November 

Total 

9.54  1  16.32 

7.57 

8.55 
"63T98 

7.50  1  13.00 

8.68 
"35.ir 

10.13 

0.86 

14.80 

Yearly  total... 

39.19     56.46 

40.44 

42.38 

39.61 

41.06 

48.00 

54.06 

80.07 
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Table  No.  43. — Record  of  precipitation  at  Cortland  for  certain  water  years,  as 
indicated,  frotn  1850  to  1898,  inclusive. 


Month. 

1850. 

1851.   .  1852.      1853. 

1854.      1855. 

1856.   1  1857. 

1858. 

1859. 

1860. 

December 

4.39 

3.01      3.98 

1.76  ;    3.13 
2.60  1    4.23 

3.91  i    2.30 
2.07  1    3.02 
1.02       3.05 
1.99  1    2.58 
2.85       6.78 

3.29 
2.35 
2.23 
1.17 
2.70 
5.01 

4.98 
2.94 
1.82 
4.71 
5.54 
3.86 

4.06 

January 

1.30 
5.77 
1.94 
4.22 
5.11 

2.08       2.57 

1.38 

February 

March 

April 

1.89 
3.i« 
3.67 
4.71 

4.49 
2.90 
4.41 
4.69 

4.46 
3.34 
5.84 

2.:o 

2.20 
1.43 
5.35 
4.01 

1.04 
4.01 
2.70 

Miy 

4.06 

4.38 

8.63 

Total      

23.  («  1  18.74 

2:3.04 

20.33 

~3.31 
2.19 
2.19 

20.35 

6.27 
2.80 

15.  W 

21.11 

16.74 

23.79 

16.72 

Jane .... 

4.94 
6.51 
2.67 

3.78 
7.52 
3.40 

3.94 

2.28 

:3.50 

3.41 
3.85 
3.65 

12.65 
2.39 
5.40 

3.28 
5.09 
3.60 

6.54 
5.07 
5.49 

5.56 

July 

6.43 

August  ......... . 

4.66 

Total 

13.12 

14.70 

9.81 

7.60 

17.76 

10.91 

20.34 

12.06 

16.10 

16.66 

September 

6.00 
6.63 
4.20 

2.09 
2.16 
5.60 

3.09 
4.30 
4.56 

4.72 
4.66 
3.15 

3.91 
3.73 
3.W 

2.67 
4.11 
3.39 

4.17 

2.08 
2.98 

4.46 

4.88 
3.48 

3.62 
3.33 
3.93 

6.12 
1.65 
8.77 

4.13 

October 

8.46 

November 

8.76 

Total 

16.83 

9.85 

11.96 

12.43 

10.  n 

10.17 

9.23 

12.81 

10.88 

10.64 

11.34 

Yearly  total... 

46.00 

45.39 

45.28 

38.73 

48.28 

38.04 

64.26 

39.68 

60.43 

44.71 

Month. 

1861. 

1862. 

1863. 

1892. 

1893. 

1894. 

1895. 

1806. 

1897. 

1896. 

Mean. 

December 

2.42 

2.86 
3.30 
3.01 
4.99 
5.02 

1.95 
4.01 
2.92 
4.92 

1.78 
1.79 

2.81 
6.02 
3.02 
2.20 
2.66 
5.13 

"f.'w' 

1.08 
1.54 
2.90 
2.22 
3.12 
6.29 

2.35 
2.75 
2.01 
1.59 
3.75 
6.31 

1.70 
2.95 
0.97 
1.36 
1.62 
2.60 

3.86 
1.86 
4.50 
4.64 
0.98 
3.73 

2.32 
3.68 
1.11 
1.55 
0.68 
4.23 

8.00 
4.74 
2.30 
2.07 
3.43 
4. 00 

January 

February 

March 

April 

May 

Total 

21.00 

17.37 

20.84  ! 

17.15 

17.76 

11.20 

18.42 

12.57 

20.  o9 

"~3.80 
3.14 
9.44 

June 

5.88 
1.79 
5.36 

4.64 
7.00 
2.58 

5.46 

8.45 
a  6. 44 

5.28 
6.44 
4.77 

1.45 
4.57 
4.37 

"4.60" 
2.53 
1.45 

2.91 
4.53 
5.55 

3.44 

4.:% 

2.15 

"~3^ 
4.46 
2.07 

July     .      

August 

Total 

13.08 

14.22 

20.35 

15.49 

10.39 

8.58 

12.99 

9.95 

10.34 

15.38 

September.. 

6.56 
5.47 

2.:i2 

1.52   a  0.64 
6.73      3.81 
3.34  a  3. 8:3 

1.58 
2.31 
3.28 

4.17  1    4.44 

;i.73  !   4.:« 

2.36 
0.86 
3.(»5 

3.70 

3.13  1    3.46 

October 

:132      0.71  1    6.27 
3.17  ,    3.55  1    3.10 

November 

1.94 

1.98 

Total 

14.35 

11.59 

8:^ 

7.17 

9.84 

10. 81 

6.26 

1(J.19  1    7.39  1  12.83 

Yearly  total... 

48.98 

43.18 

49.47 

37.38 

37.15 

30.46 

38.56 

30.30 

48.80 

42.79 

a  Geneva  record. 
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Table  No.  44. — Record  <>/  precipitation  at  De  Kalb  Junction  for  the  ttater  years 

ISOft  to  JSOS.  inchiaive. 


Month. 

1^W). 

im.  . 

1>*92. 

iwe. 

1M94. 

1895. 

1H96. 

18«7. 

1898. 

Mean. 

Det^ember 

1 
l.S->  ; 
2.90  ' 
:{.30 
4.4(1 
2.(iri 
1.47  . 

3.31 

3.or< 

1.61 
2. 89 
1  .-)3 
4.67 

2.21 

1.29 

0  2.71 

(J.3S 

.'i.Ol 
2.95 
1.56 
2.30 

l.:i7 

4.24 

1.90 
2.50 
1.01 
1.16 
2.6:3 
2.36 

5.38 
1.40 
3.81 
3.30 
1.28 

0.91 
2.47 
1.02 
8.19 

5»  K1 

2.84 
4.76 
1.85 
1.48 
1.23 
3.62 

January 

Fobrnary    .... 

March 

April     

Miy 

1.84        3.14 

Total 

~"3!9J> 
2.9:1 
ti.27 

13.19 

2.;w 

3.72 
ll.W 

16.  (« 

2.00 
5.73 
6.26 

~i3."w"i 

^2.65 

:j.i4  . 

4.76 
~lf».5.". 

17.  Oil 

~5.72 
5. 4(1 

9.S2 

20.94 

l.ta» 

4.8*i 

15.  72 

~2.37 
5.44 
9.14 

17.52 

2.2H 
3.41 
0.91 

11.56 

1.88 
3.68 
4.84 

17.01       13.54 

15.75 

^ 

Jnne 

Julv 

5.31 
4.56 
8.03 

2.65 
4.84 
2.46 

a.  Id 
2.MJ 
4.S« 

Augu  st 

Total 

16.Ji5 

~TU3 
l.:)ti 
2..V) 

3{»r71~ 

6.1V) 

:i.47 

2.59 

9.66 

~33/7H~ 

10.40 

"4750" 
0.82 
5.34 

12.90 

5.61 
1.08 
2.76 

9.95 

10.23 



Septemlier 

October  

Xovemb<*r 

2.37 
0.8tJ 
4.72 

6.00 
4.33 
2.06 

Total 

9.7H 

10.  ({6 

9.45  1      7.93 

12.46 

Yoarly  t<)tal. 



4(».t50 

~47>1 

~32."«J 

~a>y»rp3i.44 

38.43 

37.97 

a  Mean  of — 
Canton 

...  2.29 

V'^rtli  TTanimo] 

[id 

...  afi2 

(^jftlensbnrg 

...  1.96 

Pot«dim 

...  8.07 

4)10.88 
2.71 

Table  No.  45. — Record  of  precipitation  at  Demster  for  the  water  pears  1890  to 

JS'C,  inclusive. 


Month. 

1>«90. 

1K91. 

1S92. 

I89:i. 

IMU. 

18J>5. 

1896. 

1897. 

Mean. 

Decemljer 

.Tannary 

February 

Marr-h 

".'/.'..'.'..']. 

2.h3 
2.97 
:j.79 
3.80 
1.88 
1.40 

6.;w 

1.74 
2.47 
1.80 
!.:»! 
5.(H) 

2. 97 
2.25 
2.  49 

1.22 
:j.  tM 
5.89 

:j.(k-> 
3.55 
3. 16 
1.93 
1.95 
7.64 

2.48 

1.80 
1.48 
1.22 
2..H4 
3.(^4 

4.KJ 
1.61 
4.76 
3.53 
1.13 
2.45 

3. 82 
4.96 
1.30 

<iS?'::::;::::::;;:: 







Total  

16.67 

18.71 

18.45 

3. 77 
1.84 
4.  SO 

21.28 

4.16 
2.60 
0.1*4 

12.36 

~2.11 
2.54 
3.77 

18.30 

6.97 
2.47 

•Tunti 

2.4^ 

2.82 

~  1797 
5.7(1 
:?.74 

7.44 
5.41 
6.  IH 

Jnly           

Total 

9.14 

11.41 

:j.88 
4.22 

19.  (BJ 
~     2.l6 

:i..>3 

4.80 

10.41 

3.31 
2..>4 
3.06 

7.70 

8.42 

10.77 

Septeuilwr 

Octoljer 

9.47 
4.80 
4.(10 

3.8«i 
5.21 
3.75 

2.67 
2.45 

4.08 

4.31 
2.31 
3.88 

November 

Total 

18.27 

9.90 

10. 49 

8.91 

12.82 

9.20 

9.95 

Yearly  total . 

37.98 

48.23 

37.77 

4L80 

29.98 

89.02 

38.18 

DEEP  WATERWAYS. 
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Table  No.  46. — Record  of  precipitation  at  Depauville  for  the  water  years  1865  to 

187f>y  inclusive. 


Month. 

iSdS. 

4.35 

IS^. 

1@IU%. 

im&. 

1K70. 

IHTi. 

l!riT± 

IftTB. 

iar4. 

18l7!k 

i»r*j. 

Uean. 

December ,. 

Janaary  .*, 

F'Pbruary , __ 

4. or     2.41 

^.08    /».:i> 
a.  74   a.  51 

tt.£4     4.47 

3,fl5    tt.:i5 

6.W    5.4*1 

5,01 

4  riti 

4.^ 

4.vr> 

4.41! 
4,  AH 
1  if* 
1  fu 

a.  57 
2.15 

4,a> 

1,»3 

4.  as 
i,w 

L*.  tt7 
4,lfi 

4.ai 

4.73 
I.IE) 

^41 
L»3 

4.1ti 

l.*:i 

3.44 

l.T« 

2.16 

4.:i5 

2,43 

^,^ 

March 

April ,., 

*'" 

MAy              . 

JJ.74 

Total    

30.&»i 

^.98   £!.47  lind(l 

^.\f& 

la  14 

tit  41 

33  37  aB.57 

\3.m 



■ 

Jane .....,-.,...» 
July  .._. 



4,m 
1101 

If.  IS 

2.m 

IJW 

a  43 

a,  00 

a  US 

2,75 

4  4(J  1  3. 15 

5  Ji5 

4.5t 

4.tB» 
1,33 

1.5A 
3.70 

l"\ll 

Au,gtiat  *     ....... 

' 

Total 

1^.^  ^  6.4^1 

fl^T 

B.4^ 

5.33 

Rw  1  8/j:^  n.m 

111,441 

7.50 

"    '^* 

September-  h,--—- 

6.m 

tt.4a    a  ST 

3.44  i  3,M 
ii.ir     2,31 

4  4,1 

aw 
7,  in 

5.4^ 

4.^7 

1.V5 

3.05 
a.fJO 

4.Hri     3.  ])> 

S.75 
5.27 
4.4!) 

4  10 
2.21 

CK^t€7ber..,. 

4  75 

7.m 

.w.... 

Total 

10.40 

1S.«1  1  «.«3 

U.U 

19,47 

lOJJi 

ft,H«  'Hi.  53  113.  (/r 

13,45 

tt.»} 

Yearly  totAl . 



4».3ik  ja«.:i» 

la.oe 

48,^ 

^.rt4 

3U.W  41.15  ,47.54 
1           1 

50,48 

2S,4f» 



41,  rr 

Table  No.  47. — Record  of  jjreclpitation  at  Elmira  for  certain  xcater  years,  as 
indicated^  from  isr,j  to  1898,  inclnmve. 


McJTltll. 

mi. 

ms^. 

IflTfl. 

1854, 

105.1. 

IBIS& 

1857. 

imi. 

11150. 

i8Aa 

1801. 

IMS. 

December 

B.10 



0.K2 
h^ 
l.n» 
2.6T 
5.4W 
2.K2 

2.80 

2.n<> 

IJtf 
2,51 
3.15 

2  27 

0.£I5 
1.31 
3.77 
3,^ 

J. 52 
3.fll\ 
].«3 
1.10 
iy.51 
6.32 

2.^ 
0.72 
1.4^ 

0.75 
LD4 

1. 711 

2.  or 

3,flS 
3.«0 

3.2fl 

3.;^ 

3.50 

5.oe 
7.7a 

1.4^      i.55 
1  ^ 

F^ibmary 

2.00 
1.57 
3.85 

2  no 

March -.,...._^ 

April 

2.37 

2.33 
3.03 
S.53 



May  ,.,.„_ .,, 

Total  _. 

— ,.- 

16. 4W 

l4Jff 

15. 50 

20.74 

laott 

17, » tsej^ 

JttDe        ...    ,.«..*.... 

a.l« 
4,33 

3.13 

I  4*) 
3.111 

5  10 
3.12 
J.UiP 

5.75 
4,Hl» 

1.70 
3,19 

7.03 
l.dO  1 
2.10 

2.30 
2.IM 
2,45 

5.  Of* 

2.ri0 

5.40 

4.10 

July               .--  . 

I.a7 

9.W 
0,45 

AnffTiBt 

Total.. 

ff.5l 

r.7i 

0.H2 

13.76  !ll,  4ft 

10.  ra 

7,«l 

IS  90  |U  ^  1 

,  .-,..  ^^,^.. 

September  ...*,,*,,- 
C>ctober  ,,,*__ 

2.2» 

1,7a 

2.42 

J.WL-i 

a.  35 
l.Oll 

2,Hfl 

2.ao 

2.38 
S!.30 
l.DO 

3.40 
4.:)3 
2.75 

2.00 
£.50 
2,40 

3.1« 
l.flS 
3,2U 

2.50 
6.3iJ 

a  70 

7.00  1  . 

2.  no 

0.31  !_.___. 

Total  ..  .  .. 

tt.a.'i 

tt.4^ 

6.^ 

0.38  110. 4S 

ekflO 

7  07 

11  jn  1           1 

Yearly  totfth„ 

""'"'" 

31,  rj 

33.44  sa,37  41,iH 

27.50 

37.51  63.4* 
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Table  No.  47. — Record  of  precipitation  at  Elmira  for  certain  toater  years^  a8 
indicated,  from  JSol  to  1S98,  inclusive — Continned. 


Month. 

1880. 

1890. 

1891.  [  1892.  I   189:^.      1894. 

1885. 

1806. 

1897. 

1898. 

Mean. 

December 

a3.68 
62.35 
0.76 
0.25 
2.96 
3.51 

1.84 
1.68 
3.48 
3.91 
6.04 

1              '             1 
2.54       3.06    (0.50   rf 2.26 

2.89 
2.70 
0.60 
1.37 
1.56 
3.03 

2.70 
1.66 
3.40 
3.22 
0.77 
3.14 

0.61 
1.40 
0.98 
2.41 
2.30 
6.56 

1.60 
2.45 
1.45 
2.53 

2.84 
4.20 

January  

February 

March 

April  

2.33  1    3.01  1    0.H2 
2.19    rl.55  '    1.61 
1.98      2.96  >    2.05 
l.rj      1.01       3.55 
0.50      5.30  1    6.84 

2.73 
1.89 
1.05 
4.42 
7.65 

....... 

May 

Total 

12.84  '  10.  SJ 

11.27  1  16.89  1  15.26  |  20.  OT)  1  12  15     U.79 

18.21 

15.16  '  

June 

5.19  1    4.67 

3.98  1    2.51 

61.28  !    5.75 

4.57       4.11  1    3.62 

1.94 

3.51 

3.31 

1.76 
8.23 
8.70 

8.43   

July 

2.13      3.39  J    3.h9 
3.72      3.28  '    5.54 

l.fi2 
1^1 

2.:H      6.55 

2.24  !  

August     ----.. 

4  70  1 

Total 

10.40 

12.  J« 
6  U 

10.42  >  10.78     13.  (fi  1    4.79 
3.25       1.18      8.72      5  16 

9.89 

9.80 

8.80 

10.37    

September 

1.97 

1    NO 

3.70 
0.65 
2.80 

1.78 

October 

3.51  i    3.84 
4.19  1    0.86 

3.41       1.30      2.66 
1.31    c3.09  <7  1.50 

4. 21  .    0. 78  .    4. 86 

1  ^  1    \  SR     1  in 

4.49     

November ... 

9  «i 

Total 

9.67  1  10.84 

7.97  1    6.57  1    7.97  |  10.65  i    3.9C5  .    8.90 

7.24  1    8  51 

Yearly  total... 

32.91     43.10 

21».rt6     ;«.24     36.28  1  35.44     25.96     3;).58 

29.14     34.04  ,    34.79 

1 

a  Mean  of— 

Auburn 3.94 

Cooperstown 3.30 

2>7^24 

3.6S 
6  Factory  ville  record. 


r  Mean  of — 

Addison 1.58  3.46  0.48 

Waverly 1.63  2.71  0.70 

2)3ril  ilr  1J8 

i.'55  3.09  0.69 
(!  Pine  City  record. 


Table  No.  48. — Record  of  precipitation  at  Fairfield  for  certain  xcater  years,  as 
indicated,  fr<rm  JSJS  to  J849,  inclnsive. 


Month. 

1828. 

:  1829.      IWl.   i  I8:t2.      18;«. 

iaa5.   1  1836.   j  1837. 

1838. 

1839. 

1840. 

December 

January  

February 

O3.00 
2.13 
2.90 
2.4>i 
2.76 
2.58 

0.00    a  2. 84 

1.54 

1.10 

1.25       1.80 

2.JI0    

1  60 

62. 12 

1.82 
2.2) 
1.63 
1.68 
1.10 

0.81 
3.96 
3.;J7 
1.89 
2.74 
4.26 

1.74 
1.58 
0.34 
3.22 
1.10 
2.92 

1.60 
0.38 
0.04 
0.40 
0.50 
3.05 

0.33 
3.45 
0.78 
0.90 
2.10 
8.55 

1.25 

Las 

0  25 

March 

^a?l::-:-.::: ::;:::;: 

1.52 

1.80 

l.m 

1.99    

2.3SJ    

3.0ci    

1.20 
5.10 
3.9S 

Total 

15. 85 

5.48 
10.80 
5.46 

10.60 

3.40 

13.15    

10.60 

17.  (B 

10.90 

6.67 

3.55 
2.33 
7.61 

11.11      18.04 

Juno 

2.15    

~6.»i' 
4.65 
6.79 

6.25      5.10 
2.42       3.K5 
1.61       3.17 

5.55        4.12 

July 

August 

3.18      2.67    

2.90      5.14    

5.70  ;      4.87 
1.35  1      4.«8 

Total 

21.83 

4.23 

2.38 
4.22 

1    9.48  1    9.JW    

17.82 



10.28  1  12.12 

13.49 

12.60  i    13.41 

September 

October 

November 

2.10      2.29    

1.24      4.47    

'    L90      1.80    

3.01 
4.63 
1.42 

1.37 
2.52 

2.58 

2.78 
5.74 
1.16 

2.30 
8.16 
3.42 

3.00        4.48 
0.55  j      4.96 
L70|      1.83 

Total 

10.8:3 

1    6.24  1    8.56    

9.06 

6.47 

9.67 

8.8? 

5.25  1    11.09 

Yearly  total... 

48.51 

25.32     31.67  , 

37.48 

33.78 

32.60 

28.93 

28.90      37.54 

a  Utica  record. 


6  Johnstown  record 2.85 

Utica L89 

2)4!24 
2ns 
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Table  No.  48. — -Record  of  precipitation  at  Fairfield  for  certain  water  yearn,  as 
indicated,  from  1S?8  to  JS49,  inclusive — Continued. 


Month. 

1841. 

1.04 
5.10 
1.03 
3.33 

3.:o 

1.58 

1»42. 

3.60 
2.83 
6.a5 
5.00 
3.97 
2.83 

1843. 

4.05 
2.68 
0.96 
2.57 
2.68 
1.07 

1844. 

2.13 
2.91 
3.15 
2.43 
1.70 
7.39 

1845.    ,    1846. 

1 

1847.    :  1848. 

1849. 

Mean. 

I^ecember 

2.12'      5.97 

4.11    

3.89    

2.4:^   

3.28    

3.54    

«3.25 
3.60 
3.89 
3.04 
2.15 
2.64 

6.42 
2.41 
1.21 
4.24 
2.78 
3.00 

9.91 
3.09 
1.86 
1.85 
2.62 
2.80 

January 

February........ . 

2.69 
2.06 

March 

2.3f} 

^?'.:::.;:::::;:::::. 

2.53 
3.04 

Total 

15.78 

24.58 

14.01 

19.71 

19.37     

18.57  :  20.06 

22.13 



June.................. 

3.81 
8.87 
2.62 

~4.Tf 
6.14 
2.90 

~~4"48~ 
4.41 

3.81 

2.99 
4.47 

4.04 

4.30  1 

2.19  ' 

0.94 

4.87 
2.84 
2.55 

2.20 
6.40 
2.71 

3.73 
0.92 
3.95 

4.29 

July     

4.21 

August 

3.66 

Total 

10.30 

13.65 

12.70 

11.50 

7.4;}  ! 

10.26  1  11.31 

8.60 

12.16 

September 

3.44 
1.41 
2.00 

6.58 
3.58 
2.?^ 

2.06 
4.47 

4.5G 

2.57 
3.78 
2.00 

3.94  i 

2.31    

3.84  1 

3.76 
4.53 
2.26 

2.66 
2.59 

0.40 

1.83 
8.25 
4.22 

3.08 

October  

3.56 

November      

2.46 

Tf^tal          .     ... 

6.85 

12.88 

11.12 

8.35 

10.09  1 

10.55  1    5.ft5 

14.30 

9.11 

Yearly  total.... 

32.98 

51.11 

37.83 

:«.56 

36.89  ■ 

39.38     37.02 

45.08 

36.74 

o  Utica  record. 


b  Johnstown  record 2. 85 

Utica 1.89 

2)4.24 
2.12 


Table  No.  49. — Record  of  precipitation  at  Fleming  for  the  xcater  years  1890  to  1S98, 

inclnsive. 


Month. 

1890. 

189L 

1892. 

1893. 

1894. 

1.36 
1.80 

?.2.04 
1.15 

/>4.57 

1895. 

1896. 

1897. 

1898. 

Mean. 

December 

a3.07 
5.34 
2.74 
2.39 
2.45 
7.01 

L80 
0.85 
1.70 
2.50 
1.01 
0.50 

4.33 
1.65 
1.39 
1.61 
0.75 
5.51 

0.20 
O.fiA 
1.30 

l.:g> 

2.62 
5.61 

2.87 
61.81 
60.56 
0.60 
L40 
3.50 

3.». 
1.80 
4.29 
3.95 
1.40 
2.42 

0.40 
1.90 
L40 
2.19 
2.21 
2.17 

L92 
1.33 

January  ........... 

February 

1.11  ■ 

March... 

April 

L42: 

2.29  ' 

iKy..:.::...:::::: 

3. 18 

■ 

Total 

June 

July 

August 

23.00 

6.72 
1.52 
5.05 

8.;)6 

2!^ 

1.51 

3.27 

15.24 

4. 75 
3.3f» 
5.72 

ll.tM 

3.67 
2.01 

16.5J» 

~5.23 
2.82 
2.06 

10.74 

"3.11 
4.11 
3.08 

17.22 

~2^ 
4.29 
2.72 

10.27 

3^ 
3.86 
2.52 

11.25 

~2.T8' 
1.97 
4. 15 

Total 

13.29 

6.02 
4.46 
1.93 

7.11 

2^(6" 
4.36 
2.23 

13. 77 

1.42 

2.40 
1.60 

7.00 

10. 11 

10.25 

9.42 

10.34 

~3l«~ 
0.80 
2.68 

A.m 

September 

October 

November 

2.86 
0.98 
1.45 

5.77 
5.04 

1.78 

1^7 
1.08 
2.90 

4.93 
3.10 

2.88 

3"  55 

3.64 
2.21 

Total 

12.40 

8.64 

5.42 

4.79 

12.59 

5.85 

10.91 

6.94 

9.40 

Yearly  total.. 

48.69 

~24Tf 

34.43 

23. 4;^ 

;».29 

26.84 

37.55 

27.65 

29.25 

^735 

a  Auburn  record. 


b  Romulus  record. 


ri4 
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Table  No.  50. — Rcattul  of  precipitation  at  FriemUhip  for  the  water  years  189S  to 


Month. 


December 

January 

February 

March 

April 

May 

Total 

June 

July 

AU^Bt 

Total 

Septemljer 

Octoljer 

Noveml)er 

Total 

Yearly  total. 


l.H9:j.         i{<m. 

IWtt. 

2.  i:» 
3.(0 
1.3* 
1.01 
l.(r. 
2.;» 

IMW. 

1897. 

Mean. 

n\.i\  1         3.:)1 
1.10  ■          4.211' 

2.oei 
3.2:1 
3. 45 
1.5K 
3.09 

1.40 
2.29 
1.56 
3.50 
2.77 
2.05 



4.W  1         3.17 

2.3:j            1.73 

4.:u           5.  HI  1 

5. 70            9. 19  ' 

19.  TO          27.  (57 

11. SM 

4.91 
2  72 
3174 

10.  ?3 

~3.22 
4.54 

l.KJ 

9. 59 

"5.(15 
4.(« 
2.29 

\\^ 

38.2!» 

14.2(V 

2.9:i 

4.47 
ri3.2« 

2.m  "  ~  3.'3r 

2.(»1            3.W 

">.;«            2.41 

9.  :js            9. 77 

11.37 

3. 02 
1.41 
3.44 

7.J«» 

31.15 

10.  (« 

«2.(« 
If  0. 70 
o4.(» 

3.(r>         (i.H9 

3.(»7            3..'iO 
2.12  1          1.92 

N.H4           12.31 

7.45 

:e.37 

.^.92          49.75  I 
r»  Bolivar  record. 

37.90 

Tarle  No.  51. — Record  of  j^recijnttition  at  (rvneiHi  for  certain  tctttcr  yearn,  as 
indicated,  fntw  IS'>o  to  /^^'^;,  itictusire. 


Month. 


Is50.      1S51.      1S52.      |K".3.       IS54.      l^Vi. 


Deceml)er ihU\  0.9t) 

January l.:J4  0.57 

February 2.49  l.:jo 

March 3.54 

April I.:t5  ' 

May I 3.«iO 


T<»tal I ll.:J2 

June 2.(ii  I    :\.M 

July 3.;i2      2.12 

Auifust l.Ml  yil.OH 


3.44      : 

1.10    

3.215    

1.00       l.J«5 

2.H7  I    5.20 
2.W  1    2.21 

I4.(i2    .     ... 

l.HH 


Total 7.74  I    7.% 


SeptemlHT 

(Ktober ! 

November ,    4  12 

Tc»tal  


.10 


2.4S 
0.H9 
0.77 


2. 49 
2.  49 

O.Hl 
0.  7(J 

2.  SI 

3.  79 

13. 15 

3.  72 
4.79 


1S5C.. 

ls.-,7.  ' 

1858. 

1859. 

18«W. 

2.0J» 

2.04 

2.80 

2.88 

2.32 

o.>*7 

1.(55 

0.85 

1.47 

0.17 

l.srj 

1.17 

i.oe 

0.56 

0.78  , 

1.38  ■ 

1.11 

3.50 

2.50 

2.27 

4.5rt  . 

2.81 

4. 89 

1.90 

2.01 

3.42 ; 

4.47 

2.57 

1.51 

10.24  I  14.21 

3. 5er8. 14 
5.W  3.21 
1.30  I    4.2B 


13.25  j  15.70  I    10.91 


3.86  I  3.34 
3.03  1.7«» 
3.79  I    4.4» 


3.03 
4.63 
3.27 


...I    4.14     11.2(5  I  1(».31  1  15.01  I  10.08  I    9.53  .    10.92 


l.m      2.'.Y    , 

3.14       3.44 


7.37  I 


3.27 
2.08 
1.55  , 


2.m:, 
4.:«) 


'*.m     1.87 

2.14      6.30 
1.5!»       4.  (58 


3.05  I  3.18 
1.27  I  2.(6 
3. 05  I    1.48 


0.90      8.49      (5.;W     12.84  .    7.37  I 


3.52 
2.91 
3.70 


10.13 


Yearly  total ..." • •  26.05 


32.!(0     20.  W     42.07  1  31.30  '■  31.91  1    31.96 


a  Geneva  Falls  record. 
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Table  No.  51. — Record  of  precipitation  at  Geneva  for  certain  water  yearn j  as 
indicated,  from  1S50  to  JSCU,  ineluaire — Con  tinned 


Month. 


1861.      1862.      1863. 


mn. 


December  . 
January  ... 
February-. 

March 

April 

Muy 


1.78 
1.58 
2.54 
1.28 
3.30 
3.31 


Total 1J.79 


June 

July 

Au^st . 


0.98 

4.:i8 

2.92 


Total !    8.28 


September 5.83 

October 3.77 

November l.()6 


Total 

Yearly  total . 


1066 


J  32.  ra 


1.2«i 
3.64 
2.1)6 
5.2;{ 
2.02 
1.89 


1.7S  ,a2.32 
6.78      o.6;j 


0.  hii 
1.26 
4.28 
6.31 


16.10  115.33     15.3:} 


1.46 
0.88 
1.97 
2.46 


5.53 

3.(r, 

1.49 

3,67 

4.77 

1.2J) 

'*.^\ 

6.44 

7.14 

11.75  I  14.26 


1.48 
4.97 


0.  M 
1.80 
3.83 


36.55  I  35.1 


1.97 
4.18 
2  44 


8.59 


33.84 


1865. 


1.4,-) 
2.r>4 
2.48 
3.05 
2.66 
3.92 


15. 10 

'3.56  I 
2.90  I 
1.94 


1866. 

I8«i7. 

1868. 

1882.  ,  1883. 

1884. 

1.08 

1.76 

0  70 

0.55 

0  73 

0.92 

1.31) 

l.Jri 

0  48 

1.83 

l.flK 

1.04 

1.09 

1.44 

2.01 

1.61 

0.66 

2.46 

0.8H 

S.&I 

2. 16 

3.91 

2.38 

1.58 

0.83 

2.27 

6.59 

3.74 

4.45 

2.40 

9.(6 

1.5.26  i  13.29 

1    9.38 

10.43 

4.42  I 
o  or  1 


2.05 

3.12 

3.69 

4.12 

2.01 

2.<J4 

0.85 

2.42 

2.98 

2.33 

0.96 

1.29 

2.37 

3.47 

1.44 

H.44)  i    9.:i  i    5.65  i    5.26  I    8.48  I  10.57  I      5.78 


4.86 
3.43 
1.7:} 


10.(12 


4.58 
1.83 
2.89 


9.30 


33.52     28.(B     22.83    . 


O.m   1.25  i    3.12        3.17 

1.50  I O.itt  I    2.10  '      1.67 

0.;«  ' :    1.22       1.54  I      1.01 


1.92  I. 


3.09  I 


5.85 


I  25.71  I    22.06 


Month. 

1885. 

1X86. 

0. 76 
1.13 
(».95 
1.13 
4.13 
1.92 

18K7. 
1.24 

O.ls 

2.97 
0  48 
1.37 
0  46 

1888. 

l.:v> 
n.78 
1.04 
1.43 
3.(J9 
2.79 

18«». 

1.24 
2.9JJ 
0. 25 
0.66 
3.28 
1.21 

1890. 
1.62 

1H91. 

1892.   1  1893. 

Mean. 

December.. 

097 
1.07 
061 
012 
1.26 
l.f» 

5.61 

2.55 

3.67  j    1.31 

January 

2.16 
1.45 
2.16 
2.20 
5.49 

2.4:} 
3.(H 
4.35 
1.95 
0.50 

:}.32 

2.69 
2.80 
1.28 
5.03 

1.54 
2. 98 
1.56 
:}.94 
5.11 

February  

March 

April 

May 

Total 

10.02 

6.70 

1(1.48 

9.(« 

7.47' 
4.57 

1.98 

15.08 

14.82 

18.79 

10.44   

June 

2.49 
4.64 
5.02 

2.92 
4.41 
2.86 

2.01 
6.87 
3.(0 

:188 
o.w 

4.02 

5.26 
1.07 
4.34 

3.76 
8.78 
3.93 

5.47 
2.27 
5.67 

3.13 
3.23 
4.63 

" 

July 

AUflTUSt  -. 

Total 

12. 15 

10. 19 

11.41 

8.89 

14.02 

10.  (J7  ■  11.47 

13.41 

10.89 

September 

October  

2.11 

2.88 
1.36 

2.31 

l.:« 

3.48 

0.75 
1.74 
1.58 

2.73 
:}.47 

2.02 

2.50 
3.32 
3.44 

.5.81  .    0.?2 
4.54       3.95 
2.40  1    1.68 

1.30 
1.50 
4.02 

2.64 

1.83 

60.56 

Novembor 

Total 

6.a5 

7.18 

4.07 

8.22 

9.26 

12.75  1    6.35 

6.82 

4.03 

Yearly  total 

34.11 

27.39 

27.59 

32.91 

38.50 

32.64 

39.02 

32.26 

30.86 

a  Mean  of — 

Utlca 2.67 

Bochester 1.98 

2)4.65 
2.82 


b  Bomolus  record. 
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Table  No.  52. — Record  of  precipitation  at  Glenn  FaUn  for  the  icater  years  1879  to 

JSOSf  incltisive. 


Month. 


1879.      1H80.       1881.  !   1882.      1883.  I    18K4.  ,   1885.      l«8«i.       1887.      188R.  '   1888, 


December 

January  

5. 0.) 
2.92 
2.40 
4.32 
2.00 
0.50 

2.92 
2. 13 
1.50 
2.54 
2.21 
3.43 

1.75 
2.75 
2.59 
2.04 
a  2. 16 
3.54  1 

5.86  1    2.37       2.02      3.95 
1.25  1    3.37       1.87       3.4<J 
1.71       2.(12       4.19       1.79 
3.17       l.J»2  ,    4.00      1.34 
1.12      l.:»      1.58  1    2.m 
2.24  ,    2.00  '    2.31  1    3.00 

1.77      2.45  1    4.79 
3.10      4.45      3.87 
1.91       4.70      3.46 
3.25      2.12      0.04 
2.30      3.08      2.48 
2.68      1.81       3.12 

3.10 
4.54 

February  

March          

2.38 
1.52 

April 

Biay 

1.83 
4.32 

ToUl 

17.86 

14.73 

14.83 

15.35  1  13.07  1  15.97;  16.17 

14.96  ,  18.61  1  23.76 

17.19 

Jum;    

July           ..      . 

3.38 
3.00 
1.81 

0.02 
2.56 
1.43 

1.67  1 
2.24  ' 
1.24 

3.75 
2.06 
3.50 

1.03       1.81       4.62 
2.88       2.19      8.55 
0..«iO       3.31  '     7  !•> 

2.25 

3.68 
2.09 

2.25 
7.68 
2.55 

1.63 
1.87 

0.23 
4  48 

Aufni^t 

2.25 

Total 

8.19 

3Ta) 
1.08 
4.37 

4.t51  1    5.15  1 

9.37  ]    5.01  1     7.31  1  15.59 

8.02 

12.48  1    9.55  1 

12.97 

September 

Octol>er 

3.35 

2.87 
4.10 

2.9:3 
2.79 
2.36 

"5^43 
0.37 
0.70 

4.19       1.19.    1.82 
2.88       l.(«  !    4.50 
3.04       4.12i    2.02 

:i!42" 

2.11 

4.58 

0.08 
1.68 
4.11 

4.55 
3.12 
4.45 

2.81 
2.44 

Novemljer 

4.78 

Total 

8.72 

10.38 

8.08 

0.49  1  10.11  !    0.37  I    8.94 

10.11  1    0.47 

12.12  1 

10.04 

Yearly  total... 

84.77 

29.72 

28.06 

31. 21 

28.19  !  29.65  1  40.70 

:}:t.69 

37.56 

45.43'| 

40.20 

Month. 


1890. 


1891. 


December . . 

January 

February  .. 

March 

April 

May 

Total. 


3.39  '  2.79 

3.02  ,  4.29 

3.73  4.31 

3.02;  2.7:3 

1.75  I  2.31 

5.06  '  2.:s 


1892. 


4.U 
5.(H 
2.79 
2.70 
0.68 
5.79 


189f3. 


1894.    I    1895.       1896.       1897.      1898.  "Mean. 


0.82 

2.79 

6.8:3  I 

1.02 

2.24 

4.99 


3.77 
2.54 
2.91  I 

1.92 
1.42' 
3.M  , 


2.82 
2.32 
2.17 
1.93 
6.12 
l.fU 


;3.73 
1.08 
5.41 
6.52 
1.20 
1.53 


19.07  1    18.138  I    21.11  I    19.211  i    10.50  1    17.00  |    19.47 


1.29  4.n 
2.37  :  5.03 
1.86  I  8.83 
4.32  0.79 
3.61  162.84 
3.81  164.75 


17.36  I  21.95 


Juno I      :3.81  I      2.44  1 

July 1.69        4.56  1 

August 6.25  1      4.94 


4.96 
:3.42  j 
7.30 

1.20 
3.55 
11.14 

3.02 
2.38 
2.39 

2.K3 
3.m) 

5.48 

:3.oi 

4.53 
2.80 

0.21 
8.83 
6.42 

6  3.21 
1.64 
7.08 

Total . 


11.75  I    11.94  I    15.  OS  '    ir..<C>  ,      7.79  |    12.27  |    10.34  1  20.46  |  11.87 


September |      4.12 

October 4.25 

November 1.50 


Total 

Yearly  total.. 


9.93 
~41.65 


1.12  1      2.7:3 

2.(«  '      1.80 
2.(50  i      2.9:3 


'I 


:3.35  I 

i.ao 

l.fH  , 


:3. 13  I 

4. 72  I 

2.87  i 


2.14  ;  4.81  I  1.19 
(►.98  3.05  1.53 
4.81        5.55     10.  (K 


_5^  I      7.52  I      5.75  |    1(».72 
~38.40  |~i4.3r|~40!99~|~35.or 


'.«3 


37.30  I 


14.01 


12.73 


3.43 

5.28 
3.59 


12.29 


50.44  I  46.11 


37.76 


a  Mean  of  sixteen  years. 

6  Mean  of— 

Saratoga  Springs .3.08  4.49  2.T2 

LakeOeorge 3.35  5.aj  2.96 

2)6.43  9^1  ^68 

8.21  4.75  3.84 
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Table  No.  53. — Record  of  precipitation  at  Gloversville  for  the  tvater  years  1S92 

to  1898,  inchisive. 


Month. 

18tt2. 

1H93. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December 

1.34 
l.W 
6.81 
1.84 
3.67 
6.  OB 

4.33 
3.27 
3.19 
2.38 
2.74 
7.48 

3.04 
2.86 
1.19 
2.08 
4.48 
2.05 

2.91 
1.47 
5.90 
6.59 
0.96 
a  19 

1.67 
2.48 
2.03 
5.41 
8.38 
6.18 

6.52 
6.90 
3.33 
3.04 
4.19 
6.45 

January .............. 

February 

March 

April 

a&y ..:::::::::.:::::: 

7.«0 

Totrftl 

21.26 

23.39 

15.70 

21.02 

20.16 

30.43 

June............... 

4.91 
3.27 
9.23 

1.96 
2.60 

5.80 

4.ft5 
3.<« 
1.64 

3.19 
3.41 
6.15 

3.79 
4.95 
2.01 

6.72 
9.80 
3.46 

5.14 
4.73 

July 

Aufin^t......... ...... 

6.90   

Total 

17.41 

10.44 

9.65 

11.76 

10.75 

19.98 

16.77    

September 

3.00 
1.55 
3.29 

3.94 
1.62 
1.34 

3.73 
4.93 
3.14 

L     i«> 

'       1.73 
4.83 

6.21 
8.06 
6.87 

1.78 
1.59 
6.79 

8.16 
5.53 
4.64 

October .... 

November....... 

Total 

7.84 

6.90 

11.80 

8.46 

14.64 

10.16 

13.32 

Yearly  total.... 

38.60 

44.84 

35.91 

46.41 

50.29 

60.62 

46.10 

Table  No.  54, — Record  of  precipitation  at  Oouvemeur  for  certain  water  years,  as 
indicated,  from  1833  to  1875,  incltLsive. 


Month. 

l^a^ 

1651. 

im. 

ism.  ' 

IfflT, 

188&, 

1830. 

mXk  llML 

1»4£. 

Ia4a|i84k 

December.., 

i.m 

4.11) 
0.77 

3.81 

l.tIB 
MT 

rvtfi 

3JJS 

0.115 

0.47 

I.m 

l.4fi 

2.m 

0.?^ 
8.80 
0.65 
O.BO 
O.W 
3.14 

I.m    O.flO 

2.4£ 

1.10 
2.(i7 
l.lTtl 

o.n 

4.80      0.» 

Jaqnary 

F^Viftifiry     . 

0.1« 

a.  411 

1.8S 
2,4^ 
1.8fl 

0.12 
2.44 
O.W) 

1.68  1    £.60 

2.m»      0,4S 

March ,_... 

O.flJ       l.flft 

AbHI     .    ...     ..      ,.. 

8. 35 
3.1*5 

0.70 
0.14 

O40 

mSt             :  : 

I.M 

Total..... 

13.23 

10. 3S 

24.42 

^m 

«,27 

8.3S! 

8.37 

8.81 

».3f 

7. 88 

June ..._., 

4.27 

5.T5 
5.79 

6.79 
CM 
LG2 

3.W, 

K.ao 

2.Wi 

3.52 
O.10 

2.42 
0.63 

L8£ 

1.55 

0,M 
O.Tt 
0.U9 

L80      2.68 

Jnl^ .*<--. 

AQgnat .  *,^,.. 

4.H5 
4.^5 

2.00 
O30 

8.^5 

3,  or 

Total ,-.__ 

12.81 

BA^ 

l:!.aB 

5.4« 

fl.hA 

4i.ua 

i.fia 

8.00 

P.  OS 

September  , .,.._.- 

(>etcjbor       *           .,  - 

2.41 

8.  as 

1.79 

2.M 
3.T3 
3*1 

2.44 
4.57 

::::::. 

8.07 

I,  #7 

r«4 

6.00 
2.S4 

1.84 
1.10 



3.14 

l.no 

£.8fi 

2.  no 

2.74 
1.^ 

4.75 
LIO 

L4fi 

IfctiVPTIlbBl' 

M6 

Total - 

7JW 

8.U0I 

U.KI 

mm 

B.IS  |a(f4 

6.52 

T.^* 

e.85 

7.U0 

Yearly  total.,.. 

m«a 

^.37 

46.04 

m.m  18.87 

20.% 

n.ofl 

BO.  07 

24.43 

a  Mean  of — 
Potsdam. 
Lowville. 


0.80 
2.16 


2.96 
Mean-  1.48 
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Table  No.  54. — Record  of  precipitation  at  Gouvemeur  for  certain  toater  years,  aa 
indicated^  from  ISSS  to  1875,  inclusive — Continued. 


Month. 


December... 

January 

February  ... 

March 

April 

May 


1  1345. 

1H46. 

1H47. 

l.»l 

1.76 

8.21 

1.54 

2.44 

5.20 

3.  (Mi 

2. 85 

i.eo 

6. 58 

3.02     0.45 

O.TS 

2.10     3.15 

1.27 

1848. 


1840.  I   IM^     ItfTjo.    W^.    \^\. 


1.(1 


3.24 

2.49  1.44 

2.:J5  (1.51 

2.05  l.JH 

1.00  1.45 

4. 1«  i  0. 72 


ol.Ot 

2.tl2 

Ci.:3(* 

S.UIJ 

jj.tki 

1.35 

2.21  2.33 
2.5«  ..„.. 
0,10   „„„ 

l.Hfi    

M,>*o  |.„,., 
U.40  I 


Total 

17.rt8 

11.50  1 

June 

~4.ffl' 
0.00 
0.10 

5.02" 

^.oir^a.ir 

July 

1.87    

'August 



Tot«l 

September 

2.:n' 

8.51 

4.13 

2.  lU 

October  

2.1H 

November 

3.47 

Total 

ll.JW 

1    7.82 

Yearly  total.... 

IT  85' 



in.  19  I  0.41H    H  HI 


■  Tfl  !.._ 


3.44  I  1.2K 
3.89  0.(M 
1.81  I  0.81 


Z.H\  ;  O.tiU 
OJO  3.«S 
1  85  I  1.3U 


9.14     2.75  I    5.45   10.  lA 


0.98 
0.01  ! 
0.99  1 


1.58  ! l^^-V     H.80 


4.75  j  l.TS 
4  m  4.1IU 
S.f^  '  11.15 


7.91 


^.%V   £i.54 


3.  TO 

1.35 
3.4A 
4,75 


18.  at 


3.75 


15. 5i! 


Month. 


December. 
January... 
February* . 

March 

April 

May 


Total. 


18ft'>. 


4.29 
1.48 
1.57 
2.83 
3. 13 
1.51 


June 

July.... 
Augrust . 


Total.... 


September . 

October  

November  . 


Total 

Yearly  total 


14.81 


3.91 

1.85 
0.99 


1866. 


2.50 
1.55 
2.97 
2.61 
2.46 
3.06 


I 


1867.      1868.    .  I860.  ,  I8?l    1871 


3.76  ' 
1.21  ■ 
2.62  I 
1.49 

4.42 
6.92  I 


0.96 
2.00 
1.53 
1.86 
1.65 
4.33 


15.15  I  20.42     12.33 


4.14  I 
2.45 

5.96  ! 


1.77  %m 

1.78  4.25 
15    S.73 


2.50 
1.18 
3.82 


79     4.4fl 

am    1.41 
IJJI     1.7* 


16.20  ;U  42  U  S« 


107SL 


3. 28 
1.33 

1.47 

i.«a 

0.57 
2, 44 


e,3r» 
5aH) 


U.HQ 


4^.71 


1.72  1 
2.52 

1.98  ! 


1.82 
1.91 
1.25 


6.75  I  12.55  !    6.22  {    4.98 


2.36 
3.32 
2.33 


8.01 


6.  OS 
2.(rt 
3.94 


2.76 
3.09 
1.81 


12.57 


29.57  I  40. 


I  40.27  I 


84.30 


3.58 
1.95 
5.13 


10.06 


3.81 
3.13 
1.74 


3.rj1     1,5« 
J. 87  ■  2.HI 


74  1  7. 


1.4H 
1.6;) 
L7J 


12.46  I  8.  Oft  I  iU 


AAM 

2.7*) 

5.66 

:m« 

2.76 

1  71 

27.97  137.34  30.21  ^S^M  ^.U 


10.  «3 


17.37 


3.80 
£.66 
2.16 


2.m 

1.60 
3.30 


IffTU 


4.17 
5.»> 


8.7H 
4.18 

a;.  31 


10.17 


£.43 

5]  OS 
2.74 


maejiaitt 


iw* 


5.00 
2.10 

AM 

L17 


1ft.  as  10.13 


w^ 


a  03 
3.86 

\.m 


LBft  1/.W 
*  10  ,  3.84 
3.06  1  1.7ili 


7.12  1  5,87 


lasi. 


1.7b 


15J 


0LT4 


3.01 


2.46 
3.4ft 
2.77 


3.44 
£.33 
3,73 


L72|  0.50 


H5.44i  31,50 


5.l» 
4.30 
5.1B 


15.7 


34.  ai 


I8T1 


2,30 
4.  S3 
2.5T 
H.41 
2.Hi(i 
0.70 


itiTfi. 


1.5a 

£.14 


16,97 


aB4 


,B& 


2.37 
3.»7 
£.65 


SwTft 


^S7.T3  |3a. 


«L 


I  m.m 


Yearly  mean,  1833-1855,  thirteen  years,  28.64. 
Yearly  mean,  1861-1874,  fourteen  years,  34.09. 

o  Pierpont  Manor  record. 
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Table  No.  55. — Record  of  preoimtation  at  OranvUle  for  certain  water  years,  as 
indicated,  from  1835  to  1849,  inclusive. 


Month. 

1836. 

1836. 

1837. 

1838. 

1839. 

1840. 

184L 

1842. 

DftCflixiber  .r.. ,,- 

al.96 
2.99 
!.(« 
1.30 

2.84 

1.17 
3.32 
3.52 
0.65 
2.57 
3.60 

3.90 

2.18 
1.33 
0.59 
0.39 
0.64 
4.33 

2.55 

1.79 
1.35 
1.66 
2.08 
2.96 

1.98 
2.10 
1.00 
1.71 
2.06 
8.65 

1.30 
1.98 
0.36 
2.30 
4.70 
3.68 

1.96 

Januairy ............................ 

0.64 

February  .......................... 

1.07 

March 

2.48 

April 

3.29 

mSv. ...... .:.....:...:.:........;:. 

2.80 

Totrftl ,.., 

13.45 

14.42 

9.46 

13.39 

13.00 

13.22 

12.26 

June............ .................... 

4.78 
3.18 
5.02 

1.90 
0.63 
1.73 

3.46 
2.:i0 
4.33 

4.73 
4.13 
1.50 

4.29 
l.«8 
3.43 

1.15 
0.90 
1.42 

3.26 

July           

3.80 

Auinist  ............................. 

1.91 

Total 

12.il8 

4.35 

10.09 

10.36 

9.40 

3.47 

8.96 

September 

1.63 
1.79 
1.96 

1.30 
3.63 
3.45 

2.48 
2.89 
3.36 

2.30 
1.45 
3.01 

2.50 
3.79 

2.18 

2.54 
0.70 
1.26 

3.63 

October 

1.81 

If  OTember..... ......... ............ 

3.70 

Total 

5.28 

7.38 

8.73 

5.76 

8.47 

4.49 

9.04 

Yearly  total 

31.71 

26.05 

28.28 

38.61 

80.96 

21.18 

30.26 

Month. 

1843. 

1844. 

1845. 

1846. 

1847. 

1848. 

1849. 

Mean. 

December ...... 

1.76 
0.45 
1.17 
3.00 
2.30 
2.34 

1.67 
3.46 
1.03 
1.68 
1.06 
4.06 

1.14 
3.30 
1.32 
1.18 
8.18 
4.19 

1.78 
2.36 
1.62 
1.65 
1.08 
a45 

2.83 
3.08 
3.33 
1.63 
1.47 
2.94 

6.15 
3.09 
1.94 
2.2i3 
1.01 
6.21 

5.21 
0.80 
1.08 
2.04 
1.(8 
8.63 

2.41 

January ............................ 

2.08 

February 

1.42 

March 

1.74 

April 

2.18 

Mfty ,     

8.47 

Total 

11.96 

14.31 

11.80 

14.12 

19.63 

13.68 

18.25 

June. 

1.86 
4.94 
2.91 

2.06 
2.65 
2.10 

4.23 
8.13 
8.42 

8.27 
8.60 
0.68 

3.86 
6.27 
4.22 

4.36 
12.62 
3.67 

2.21 
1.01 
5.44 

8.21 

July 

8.68 

Auflrnst 

2.97 

Total 

9.71 

6.88 

10.78 

7.49 

13.85 

30.45 

8.06 

9.81 

September 

1.03 
1.16 
1.86 

4.93 
4.90 
1.96 

4.45 
2.51 
7.54 

3.68 
8.00 
4.07 

3.80 
6.04 
3.14 

1.74 
3.74 
3.15 

1.13 
5.22 
2.63 

2.67 

October  

2.90 

November 

2.88 

Total 

4.65 

1L79 

14.50 

10.65 

11.98 

6.63 

8.98 

8.45 

Yearly  total 

26.00 

80.58 

39.59 

30.08 

89.95 

46.71 

31.83 

31.51 

a  Cambridge  record. 
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Table  No.  56. — Record  of  precipUatioti  at  Hamilton  for  certain  tcater  yeara,  as 
indicated^  from  1Sl'7  to  1850 ^  inclusive. 


Month. 

1«S7. 

18SK 

182». 

isao. 

IS31. 

liSC. 

laaa 

1«34. 

1835. 

use. 

1837. 

1^». 

jAiiD&ry  ^, 

a.4M 
aw 

1,11 

5.5S 
1.5H 

a:s5 

1.76 

as: 

8.415 
1.06 
4,51J 
Ltt5 

2.W 

l.UO 
5.51 
1,^ 
t84 

fi.7T* 

3.60 

0.5^ 
!.]« 

t4» 

LOO 
3.(» 
4.66 
iJiTi 
L«J 
1^5 

3.47 

2.3/ 
5.18 

I,fl3  Iag4 
2:5    - 

5L95 
4.57 

3.sr 

caw 

3.90 

February       «*..,,.,^^ 

1  511 
2.5» 

1,33   ,,„.. 

L3fi   

0.140 

i!ftreh-.... 

,,.,,. 

l.W 

April ,... 

1.17 
2.(15 

.,„,,  LB5 : 

tl9 

m5f .,..„ 

#-fi5, 

4  17 

TftfJhl 

i  Itt.Ol 

ltt.tti 

iri.iu 

H.«0 

n  HI 

U.113  maa 

IS.  IB 

i5.m  '.-.— 

ILOH 

Jnnfi.— « , 

July .._. 

3  21 
a  Ml 

6.35 

3  46 
1.87 

u.no 

tt.75 
O.Ti 

4  ao 

2  74 

3.HR 

8.73 
3,40 

8.73 

7-70 
2.fl5 

a  74 
ai4 

1.85 

6.88  ].-.-.. 

a36  1    ..„ 

2.86    

4.42 

6.37 

Anguit ,— „ 

1.90 

Total  „.-. 

IZ.^ 

7.rt7 

14.  no 

10.  M3 

10.  M 

L:^  n>lK.ii» 

...ILffl*  1  ...  . 

1L50 

r       1 

September ., 

October.. .__.. 

:XoTemb*r,,.* „ 

e.rs 

17T 
1.77 

3.Aa 
4.  OB 

1.5S 
175 

3.15 

B.  Ill 

2.«5 
3.71 
2.  LI  . 

2.83 
£.18 

a!i4 

5.50 
3  0tt 

a  21 

4.tli 
4  39 
LBl 

a  14 

4.37 
l.U 

2.61 
1.3» 

2.^ 

Total,.,-...... 

^  i«.a» 

S.TH 

T.HO 

10.54 

K«7 

s.£6  |n.n 

».^ 

.._.., ll.ftS   ,...., 

aor 

Tisftrty  total-,.- 

42.0B  1«.33 

a>,ii(^ 

S&.4D 

br.^  W74  144.74 

3L1» 

3R.94 

1 

as,  74 

MontlL 

isia 

1B4SL 

M43. 

1M4.   1  IMS. 

IMO. 

1M7. 

13m. 

VMIL 

im' 

MttVL 

December  -.,.,„,..- 

laxmarv 

9.10 

a.  31 

3.55 

2.47 

L50 
2.30 

3,3(1 
3.30 
1.05 

1.33 
1.67 

l.io 

1.27 

4.;ie 

1,S3 
4.:£i 

S,34 

1.3S 
1,61) 
3.24 
S,3T 

i.jm 
atti 

2.H7 
L79 

a  14 

LW 
1.37 

3.27 
l,4t^ 
Lai 
S,77 
L2S 
4.^ 

4.00 

1.1» 
0.flfi 
1.3C 
1.47 
3.^ 

2.a7 

FebroATy .  ^ .- „ . . — — 

March. .r ._ 

April ..- 

May.:::::.::::.::„_, 

Total 

!&,:« 

13.68 

ILIT 

Iftvf*! 

lawi  1  ig,«i 

14,3)* 

l:^  HI 

June    ..*__._.., 

B.10 

a  H] 

2,1ft 
4.iJi 

LAI 

£.1*1 

2.n 

1,76 

2.  IB 

tM      4  IC3 

1,57 

5.2» 

L40 
0.37 
3.17 

July........... 

4,a» 

i.:t 

£.74 
3.W 

August. ......... 

*««*.» 

Total,., , 

11.12 

ma4 

7.ftt 

4.73 

8.4& 

10.35 

S,M 

tkM 

5%eptemb#r.... 

5.1% 
l.«8 

4.08 
£,7rt 
3.35 

3.81 

I.IO 

3  <E1       3,16 
1.17       3.30 

s.rc     1  tt; 

Lia 

LOO 

L43 
fl.52 
2.  IB 

October   .------..-... 

NoverBober .,.,  ,_.„_     

Total 

JO.i» 

lO.lft 

7.51 

B.IM 

7.as  1  H.trr 

6.0» 

10.tt2 

Yearly  total-. 

37.51 

34.  Oi 

36.74 

S9.46 

3».61  ,  31.31 

38.78 

SO.  BO 

34.  lA 

i 

a  Mean  of — 
Onondaga. 
Utlca 


L96 
a37 


3)a88 
4.16 


h  Mean  of — 

Bridgewater L66 

Pomiwy 0.97 

UUca L16 

8)a79 
L36 


c  Mean  of — 
CazenoYia. 
Pompey ... 
Onondaga . 


...  1.14 
...  0.55 
...  0.84 

3)2753 

0:"84 


4.33 

l.oO 
2.49 

a40 
3.80 
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Table  No.  57. — Record  of  precipitation  at  Hartwick  for  ceriaiii  water  years,  as 
inOicatetK  from  iS-Jtl  to  ]S'>L  inclfisive. 


Month. 

■  ls2«.      ISL'7. 

1>2><. 

5.«»5 
3. 10 
2.70 

IS.  41 

:{.  r.7 

2.  73 

3.  r,*i 

».W 

3. 47' 
1.20 
4.17 

8.JJ0 

'37.27 

l.-21». 

0.45 
3.4;l 
2.01 
2. 70 
.5.20 
2. 82 

10.  TO 

4.54 
4.01 
2.5<l 

1H..5 

2. 75 
3. 25 
3.:i:i 

0. 3;J 

37.  iW 

ls:)o. 

IKJl. 

ls:i2. 

2.80 

18:i5. 

IKiO. 

1837. 

Decern  VK»r 

January  

Fel ruary  

March  

April 

Mav 

a  2. 47 
3.54 
3. 4I> 
3.  »3 
3.52 
0. 48 

1..I7 
3. 13 
2.  si 
3. 01 
5.31 
2.17 

3.«iO 
2.21 
1  u» 
5.(C.» 
2. 02 
2. 50 

17.01 

7.08 
5.1(» 
0..5.5 

3.01  !    2.JW 
2. 4.5  j    4.41 
4.25       4.00 
2.4V»  ,     1.5»2 
5.Ui  1     l.«5 
3.04  !    3.U5 

21.81  1  H.»l»  ' 

62.71 
2.5:3 
1.36 
l.(»7  • 

3.78 
1.91 

13.20 

~  4. 58~ 
4.3:1 
4.15 

13.00 

"  1.13" 
3.07 
1.07 

0.17 

.'{2. 40' 

_ 

1850. 

62.37 
1.4^5 
l.-V 
3.25 
2.78 
3.10 

0.70 

62.86 
0.20 
1.63 
1.85 
2.36 
4.33 

Total 

17. 43  1  17.  :*) 

~U.11  ,    3.  is" 
3.r.0  1    5.34 
0.  :o  1    0.i»S 

13.50  1  It.  00 

13.21 

Juue 

July 

August 

5.05 
l.ot 
4.J«S 

1.00 
4.2J> 
4.!ti 

10.  si  1 

^■'. 

2.80 
2.04 

Total .  - . 

1  .V  73 

~2.S3 
3.  .52 
5.  i!» 

11.54 

41. 2s 

1K4(J. 

1.5U 
2. 70 
l.:{2 
3.01 
1.15 
0.(;4 

10.41 

3.2» 
4. 15 

l.Sft 

U.<i7 

0.25 

Sei>tenilM=*r ... 

Octol»er 

November 

5.i»2 

A'At 

3.25 

1  12.70 

jtal...  "-Efii" 

5.  k5 

7.  Si 
3.tt:j 

17.:J4 

I9744' 

3.78       1.4:1  1 
3.JMI      3.10  1 
2.WJ       3.40  1 

0.88 
3.68 
1.84 

Total--.. 
Yearly  t< 

10.  Gl 
40.4ft 

1847. 

7.WI  1 
~37.fMr 

1851. 

6.40 

~lw.~86 

Mouth. 

;  ls:js.     i^m. 
2.a>     62.41 

L>.!:9 

1S40. 

'.'.V.V.'.'i 

....... 

lst5. 

61.42 
2.Jr2 
1.M5 
3.4l> 
2. 71» 
3.57 

1848. 

1840. 

Mean. 

Decemlwr 

January 

3.28    63.27  ' 

2.26 

0.74 

2.25  j 

1.40' 

5. 78  ■ 

:   13.70 

!    1.07 

4.41 

3.22 

ft.OO 

777.7.    2.06  , 
2.7:j  , 

l.<53 

4.1U 

2.54 

February  

1 

o.so 

O.iN) 
2.71 
2.  43 

March    * 

April     

Mkyl7:::777 

Total 

12.07 

1 ";~2.40' 

... .    ..  3.50 

1 1.:j:j 

77.77^  ^32 

3.(»4 

.^.^. 

I0.lt> 

~4.10 
4.42 
l.fl4 

-""■^^ 

14.02 
2.10 

5.r.i 

l.W 

Juue 

July   

August 

; 

Total.... 

September... 
O:toi>er 

1.J.40 

4.08 
5.  S2 
4.57 

15.07 

41.58 

2.0 
3.5 
2.3 

2.  U> 
2.a5 

3. 82 

:u."7o 

7       l.< 
1 

3.4 

- 

10.51 
3.33 

4.«r, 

2. 01 

7^:^- 

-•  = 

0.  75 
2  10 

Noveml»er  .... 

1 

; ■'  5.J-5 

Jtal 25.3t 

a  Meau  of  fourteon 
6  Mean  of  - 

Oxford 

(^berry  Valley 

Hamilton 

John.stown 

Total    ... 



1 

years. 

...  2.71 
...  2.5:. 
-.    3.24 
...  2.31 

0.42 ; 



10.10  ' 
"357^ 

«     1. 

0. 

I. 

k'>       2. 

Yearly  U 

31.72  1 

1 

~37740 

IS     .... 
81     .... 
4:1    3.27 
27     .... 

2.37 

H.  Doe.  UU- 


-40 


4)10.86    3)8. 5r>    2)4.48    4)5.00    3.27    3.37 
2.71        2.K5       2.24        1.42 
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Table  No.  58. — Record  of  precipitation  at  Houseville  for  tfie  water  yearn  1S06  to 

1870^  inclusive. 


Month. 

1866. 

1867. 

1868. 

1869. 

1870.         Mean. 

December _ 

4.01 
1  53 
3.66 
2.11 
6.78 
6.82 

8.25 
2.57 
1.61 
3.81 
2.74 
4.61 

3.97 
3.99 
4.a> 
4.46 
2.69 
8.59 

3.68 
6.49 
2.87 
3.60 
1.30 
61.43 

January 

Pfbrnary 

Mftrr-ii                   

April 

May          ::::::::;::"::      : :: 

Total 

23.91 

18.09 

22.95 

19.46 

Jane 

2.24 
4.12 
3.33 

4.53 
4.35 

4.88 

3.39 

7.96 

al.94 

0.80 
3.a5 
2.51 

July 

4.47 
4.69 

August 

Total 

9.69 

13.76 

13.29 

7.28 

September .  . . 

7.92 
3.23 
8.10 

2.48 
3.80 
3.62 

5.35 
4.18 
4.95 

6.12 
6.97 
4.92 

4.08 

4.99 

cl.65 

October . 

November 

Total 

19.25 

9.90 

14.48 

18.01 

10.72 

Yearly  total 

43.50 

46.33 

54.25 

37.44 

45.38 

Gouvenenr al.87    61.76    cl.TJ 

Depauville 2.75      1.34      1.95 

Pierpont  Manor 3.16      1.18      1.27 

3)7.78  3)4^28  3)4.95 
l.W       1.43       1.66 


Table  No.  59. — Record  of  precipitation  at  Hudson  for  certain  trater  years^  as 
indicated,  from  1827  to  185G,  inclusive. 


Mooth. 

I«f7, 

1H£8. 

iJtiH. 

1H»».    1H31. 

1SJ2. 
2  27 

I!  10 

IHaa    IKM. 

1KI5. 

ltQ6.    184:!. 

1.19!  4,nn' 
......  o.aa 

...„.    2.89 

l.Ml 

^  i.aa 

IMSL 

IML 

D^Ci^mbeF 

JauiiAry        *--. 

al.3T 

LS8 
4.&i 

3.ai 

3.00 

ji,30 
3.00 

ie+ 

3.£S 

a  as  ,64.48 

'"'I'  aiiso 

1  1.65 

J  4.25 

:s.95 

4.  m   ;t.  10 

4,18 
4. 60 
0.65 

3  ^1 

4.47 
2.  IT 

4.80 
5.42 
2.U1 

nee 

2.60 

FobruRTT 

3.27     2.1(1     U.4*) 
4.15     SHI)     l.lH 

4.:)0    y\m    ^.85 
1.20  :  Ti.  ix»    i.H\ 

LIS 

MftTCll     -*.  «,  .  .. 

2.  Si 

April -. 

0^1 

Mmy 

^M 

Total 

15.14 

\B.n 

15  \f» 

m.23 

19.29   I8.i(5   16.711   iH.a: 

.-.._  13.89  arLfle 

11.  HI 

2.16"   Hat     4710 

June ., ,..____ 

4.30 

7.87 

:i,2l 

3.15 

4.5U 
1.41 

......    3,60 

^78 

......    B.61 

s.rii 

3.45     4.M 

aaa 

July., 

6.34     h.m     :i  31  1  4.  Ilk 
3.60     AM     0.116     3.56 

i  4.1*7 

-„„J  4.77 

3.fl 
6.15 

5.80 
1.71 

Total  , 

10.47 

1L«5 

«.12 

£-7« 

*_...  1^.99 

12.3lt  \\'*:^     K.^  lis. 44 

, 12.^  ,13.54 

1t<^ 

1 

Se^Jtember . .  ^  ^ 

October .,,_.-. 

4.76 

4.%l 
a.  56 

5.72 

._.....  4.3(1 
'  tt.()9 

—  1  ^^"^ 

4.30 
4.15 
8.40 

:!.T5    0.B6  f  1  S4 
f^  40     2.35  1  1.66 
\.m     1.16     L65 

ififlO 

......   2.85 

1.57 
A.  Ill 
l.»4 

1.59 
3.41 

November..-..  +,* 

O^W 

Total     ..     ... 

M.m 

RSH 

fi.Dl 

_„.Jl2,64 

11.86 

li:.55  1  4.46  1  5.18 

,,....  e.fls 

fl,4a 

57n 

V.   *" 

Yearly  total  . 

^.'SA 

45. :» 

31.  US 

..„..*8,86 

4,-).  44 

I4.tt2   a*.  41 

1 

3?.  2^ 

( 

43.64 

':ai.l8 

o  Albany  record. 

6  Mean  of — 

Kinderhook 4.67  3.82 

Red  Hook 4.38  4.17 

2)8^  T^W 

4.48  4.00 
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Table  No   59. — Record  of  precipitation  at  Hiidaon  for  certain  'boater  years,  as 
indicated,  from  1827  to  1S56,  inclusive — Continued. 


Month. 

3.00 

2.  in 

lrt4tt. 

4.M 
0.4f» 
3. 77 

l!*47. 

tM 
3.77 

ant 

4.53 
1.8& 

IW,' 

vm. 

I8fi0. 

18S1. 

mi2. 

1.J5 
1.74 
2.W 
2.0H 
3.52 

liffia. 

1854. 

IftSS. 

iHSrt. 

Meaa 

SwmnTier 

*.76 

L4i* 
l.riJ 

3.88 

0.78 

3.3S1 

i.is 
4,74 

lot 

3.(K 

3.1* 
1.74 

7,49 

13.  OD 

ti2.10 

d,fl6 
r.w7 

5.W 
6.  IS 
5.07 

B.7T 

Januai^          . . .  ..r 

Ff^bruBrr  -. . . 

....*, 



March 

Apii)      **.. 

1 

flSy         ::::: 

Total         »*** 

14.29  |13.QU 

17.21  16,09 

U.4il 

, 

UM 

33. « 

RSNfl 

Jtind 

1.4ti  1  1.41 
8.  It!  1  3.Ti 

i.an  '  1.4V 

4.27 
2.38 
2.  SB 

}j.4fl 

*4(r 

l.fi7 
1.23 

1 

5  11 

5.419 

2.1« 
3.U 
a.  7^ 

B.ltt 

e.41 

2.M 

July ,, 

Atign^t - 

Total        ,     .. 

5.f*4  \  A.rti 

u  5:1 

%.m 

5.42 

12.18 

Ll.113 

_.-...  |ia.2i 

2.:»7 
1.73 

,_! 

Ot'tober..^.-- 

0.711  1  4.»i 

2TT18 

i.T4 

2.:b 

4.15 

......   2.(Wi  l.S« 

, 3,P4     2.75 

......    3.80     4,42 

7.fil 
2.fla 
1,82 

J  '  «3 

.1  a.rti 

KovembeF 

:*.W8 

li.MS 

Totftl 

T.TW 

fi.71 

u  IS  :  II  m 

12  e» 

......|  W.89(  8Jfi 

11.  «5 

!iK.fiii 

Yeitrly  total  - 

2T.1I« 

^1,27 

Si.  77 

si.rti 

32.41 



^m 

4S.1I6 

a».63 

38.41 

a  Mean  of — 

Albany  1.84 

Spencertown 2.47 

2)^31 
2.16 


Table  No.  60. — Record  of  precipitation  at  Humphrey  for  the  water  years  1889  to 

1898,  inclusive. 


Month- 

1889. 

1H90. 

1891. 

1892. 

4.38 
3.3I» 
3.45 
3.45 
1.48 
7.46 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December  

January -. 

a  a.  21 
3.16 
1.03 

4.28 
«.27 

4.«8 
5.02 
3.«1 
3.34 
4.»5 
9.11 

1.91 
1.82 
4.55 
2.»J 
2.17 
1.45 

1.95 
2.62 
5.52 

2.6:j 

5.61 
5.42 

5.74 
4.41 
1.813 
2.27 
4.5:3 
9.60 

1.89 
3.25 
1.67 
1.54 
1.31 
1.46 

2.82 
2.43 
4.83 
3.33 
1.31 
3.36 

1.62 
3.06 
2.6^3 
2.19 
l.;39 
3.84 

3.59 
4.57 
2.47 
3.87 
3.22 
3.62 

February  

March 

Anril         

May .::::::::.::::: 

Total 

20.27 

31.31 

14.26 

23.61 

23.95 

28.28  1  11.12 

18.07 

14.66 

21. ;« 

"  4.54~ 

June   -_ 

8.85 
3.16 
1.63 

3.76 
3.4:3 
6.11 

5.95 
7.22 
6.63 

6.:^ 

4.43 

2.83 
3.52 
3.71 

3.63 
7.50 
4.49 

3.71 
7.77 

2.68 

6.87 
2.50 
9.21 

July 

AUfTUSt  ...--- 

4.88       3.66      2.45 
4.45       5.82      2.50 

Total 

13.  (M 

12.30 

19.80 

15.67  1  14.  le  '    9.3S  1  10.06 

15.62 

5.«i" 
3.0» 
2.93 

14.16 

"1.25" 
0.60 
4.83 

18.67 

September 

October 

November 

3.12 

2.40 
4.51 

».00 
5.04 
3.  si 

2.(H 
2.42 

4.(W 

2.55 
3.65 
4.02 

3.8.3 
4.27 
2.66 

8.84 
3.37 
1.64 

1.90 
2.22 
4.47 

3.22 
6.04 
3.15 

Total 

10.  (B 
437»4" 

18.75 
"62736 

8.55 

10.22 

10.66 

13.85 

8.59 

10.98 
44.6r 

6.68 

12.41 

Yearly  total  . . 

42.61 

"49^50" 

48.63  1  51.51 

w 

35.50 

52.42  1    46.09 

a  Mean  of  all  Decembers. 
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Table  No.  61. — Record  of  precipitation  at  Ithaca  for  certain  water  years,  as  indU 
cated,  from  1828  to  J898,  inclusive. 


Month. 

1828. 

1829. 

I8:i0. 

1831. 

1833. 

18JM.    :   l«t7. 
3  2.%  lf/'>  rtT 

1S38. 

1830. 

1840. 

1842. 

December 

a2.66 
1.22 
1.05 
0.38 
1.20 
1.30 

0.50 

M.90 
0.  (iO 
0.47 
2.82 
2.06 
5.  .53 

1.47 

r2.W 

1  30 

0.62  '    1.72 

3.76    

1.36    

2.08    

1  flO 

64.  90 

January  

2.:K)    !    •U7  :     1.24 

2.86    1     1.57  ;    0.93 

1.2.5    1    2.19       l.mj 

1.78    1     0.93       2.(H 

2.77 

February  

March 

April 

3.16 
3.79 
2.91 

Sky 

0.90 

■_::::_ 

6.20  .    6.61  ■    4.07    

2.12 

Total 

7.81 

13. ;« 

11.59 
1^ 

14.08 

13.65 

13.79  1 

19.74 

June 

3.41 
4.37 
1.20 

* 

5. 08 
3.52 
1.92 

3.61 
2.89 
3.:i9 

5.28 
3. 76 
2.86 

4.34    

2.69    

1.31    

5.10 

July 

AUffUBt 

3.70    

2.:8    

4.28 
2.67 

Total 

8.98 

10. 52 

!    7.9.5    

9.89  1  11.90 

8.:m 

12.05 

September 

5.49 
1.20 
3.13 

3.67 

l.rtO  ' 1    1.46  .    2.17       1  88    

5.15 

October 

1.49 
6.98 

2..57  : :    3.42  '    3..57 

2.18  1 1    0.91       3.11 

0.28    

2.37 

November 

1.83 

2.46 

Total 

9.82 

1  12.14 

6.l« 

!    5.79 

8.85  1    3.J« 



9.98 

Yearly  total . . . 

-. 36.(^4    

"2.5789" 
1847. 

1848. 

3.39 
0.89 

29. 7f 

:14.40  ,  26.12 

1 



41.  n 

Month 

iH^i.      1844. 

1845. 

1844i. 

1849. 

1850. 

18.51.      18.52. 

1853. 

December 

January  

2.97       1.82 
2.:}7       1.86 
1.31       0.45 
2.11  ,    2.47 
3.27  1    1.69 
1.16       3.85 

l.<8 
2.13 
2.65 
2.91 
3.42 
2.16 

0.82 
1.87 

(i'k 

1.08 

1.44i 
1.97 

5.2.5 


4.46       1.20 
2.72       1.90 
2. 88       0. 25 

"T.bb 

February  

2. 41       0.  .54 
1.94       1  80 
0.85  !     1.0) 
2.01  1    4.93 

March 

2.(«       4.76 
3.04       3.72 
3.02       3.85 

April 

May                     

4.30 

Total 

13.08 

12.14 
"  1  ao 

14.30 

9.67 

10.64  1  12.55    

18.15  1  15.68 

June                -  - 

3.90 

2.07 

2.78 
2.30 

3.84 
2.4:J 
3.47 

2.71 

*>  i»; 

4.34  1    2.00 
3.46  1    3.67 
1.78       3.52 

4.85 

July 

2.80      5.2t 
3.80  ,    i.Zi 

«).86       4.25 

, 

2.85 

Aujfust 

2.58 
i\  15 

3.87 

' 

6.20 

Total 

10.50 

8.77 

7.15 

9.74 

111  .'k8  1 



9.58  I    8.19 

13.90 

6.31       2^05 

September 

6.90 
3.75 

2.06 

1.16 
3.07 
1.84 

3.46 
3.,85 
3.a5 

"T.sT 

3.07 
5.75 

~2!i«~ 

4.60 
2.00 

2.90 
1.78 
1.91 

2.03 
2.87 
2.01 

October 

3.68       0.96    

2.68       0.87. 

November          ..  .  - 

Total 

12. 71 

6.07 

10.66 

10.66 

12.67  1    3.88  " 

8.9;)  1    6.59 

6.91 

Yearly  total... 

36.29 

26.98 

32.11 

*».07 

29.46     27.01 

34.32  1  30.78 

aLedyard  record. 
6  Mean  of — 

•>  t* 

4.27 
5.70 

9.97 
4.99 

cMean  of— 
Oxford  . 
Ledvard 

3.87 

Oxford 

1  12 

I*rattsburg 

..  1.27 

2)3.79 
1.90 

(/Oxford  record. 

2)^99 
2.50 
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Table  No.  61. — Record  of  precipiUitUm  at  Ithactifor  rvrtttin  water  years^  as  indi- 
cated, from  ISJ.S  ta  ISUs,  inclusU'v — Con  tinned. 


Month. 

.   18HJ». 

1H!»0. 
2.4« 

18!»1. 

1HJ»2. 

0.H5 

lcHl»4. 

2.0;} 

lf*a",. 

2.:jn 

iwm. 

1 

:  4.07 

1S97. 

1808. 

Mean. 

De-cmljer 

.  02.S3 

3.47 

3.  S5 

1.00 

2.56 

JjtnnHry 

.      3.  It) 

2.  r.8 

2  W 

3.7?< 

i.:g 

2  78 

2.18  1    1.40 

l.'H) 

2.21 

FVhrrary 

1.:m» 

2.17 

3.17 

l.:w 

2.  IK) 

2.31 

0.  !»2 

4.01 

o.m 

1.5H 

March 

.     1.7t) 

3. 82 

3.»» 

2.8S 

2.  41) 

1.2M 

1.2»5 

4. 75 

3.04 

1.03 

April 

3.4:j 

3.3* 

2. 45 

1.25 

3.79 

4.84 

1.47 

1.(12 

2.47 

3.  .-,8 

May 

.j    2.«W 

(i.tJO 

0  lil 

(S.  4(i 

«.  04 

7.34 

3.(iO 

2.<14 

3.^*4 

A.TvS 

Ti.tal 

;  15.  (W 

21.07 

15.  W 

lu..-. 

17.42 

2«>.5S 

ll.>2 

l^.-vy 

12. 7« 

10.1  J 

June 

.n;.74 

~4  (»r 

~4.5«i 

~5.2<) 

2. 21 

~J.40 

~3.37 

~4.:ftr 

~"3..54~ 

"a.of 

■ 

July 

'    K.73 

1.24 

4.2.-, 

4. 2  J 

5. 13 

3.17 

1.9.1 

1    3.0(» 

3.2.-, 

4.17 

Aujjrust  

.;  3.;ci 

4.1»2  1 

3.24 

t;.  m 

3.  Hi 

0.  :a\ 

4.12 

2.43 

2.74 

4.42 

Total 

1»J.  7!» 

11.10 

12.0.-, 

liJ.34 

11. 2-) 

7.1-i 

».  45 

10. 4S 

».:k3  1  11..:) 

Se])tcnil»er. 

J  ~L».57 

~  ti.  (i2' 

~2  13 

T.88" 

"4.3^ 

5.17 

2.03' 

~3.H4~ 

~4  72 

3. 1'. 



Octol)er 

.'    3.r,2 

4.»Hi 

5.2.'. 

1.52 

2. 15 

4.1U 

O.I^) 

4.37 

0.88 

5.  f  7 

Novemlwr 

3.  :r> 

\.\t\ 

2.  2-') 

3.  .70 

1.2.^ 

1.1»4 

2.  ♦:<) 

•     2.0!) 

4.22 

3. 15 

Total 

W.'A 

13.21 

%m 

(i.lM) 

7.:m 

12.  (-5 

5.  71 

10. 21 

».82 

12.17 



Yearly  total... 

.  li.~4i" 

40.3S 

~37.r,7" 

"42. 7«.» 

7)0. 40' 

3!>.  7(» 

"2fi.tt8~ 

T»»7or 

:J2.ii 

39. 8»' 

~3"]:97 

(t  Mean  of- 

C<^  >per'**^  f»ivT> 

3  :ti> 

(4enevi 
Aubur 

24 
94 

4ii 

I) 

:j 

0)8. 

0 

K) 

Table  No.  O'i. — Hecard  of  prfcipitafion  at  Johnatoicn  for  certain  water  years,  as 
indicated,  from  IS'JS  to  IS/,.l^  inclusive. 


Month. 

1.H2H. 

1.S2S*. 

isao. 

ls:u. 

ixia.   i    1.S33. 

1.10          3.51 
4.50    

1«34. 

1835. 

IK*). 

December 

January  

February 

March 

April 

May  

a3.ri() 
2.W 
2. 57 
3.  ll> 

2.8S 
4.^2 

"ao.Te" 
4.:^{» 

5.18 
2.95 

""iL'.liir 

~   4.12' 
2.00 
4.tMt 

0. 04 
4.11 
2. 51 
2. 15 
4.  49 
2.«:{ 

lo.r,3 

3.«:) 
1.01 

9.08 

3.4»~ 
3.10 
2.83 

2.20 

ri4.;;s 

3.  {\\ 
3.0.5 
3  25 

2.2:) 

20.12 

a  3. 70 
2  111 

2.31 
3. 70 
1.98 
3.42 
4.42 
1.95 

0.50 
L90 

3..S0  ; 1.71 

0.80    2.02  : 

0.97    3.5)S» 

4.70  .  3.07  i 

2.80 
3.24 

2.87 

i,i;y 

10.02 

""  r.84 

4.85 
1.94 

Total  

17. 19  . 

~~3."52 
3.87 
1.54 

17.84 

8.04 
4.71 
5.95 

V.l'M 



June    

5.07 
5.11 
2. 59 



3.84 

July 

AujruRt 

3. 75 

l.-W 

Total 

--■■ 

12.77 
2.70 

3.  H'i 

0.75 

8.03 

!      8.93  1 

1H.70 

~o.  :\~ 

2.11 
3.40 

0.28 

~42.82~ 

9.09 

September 

Octolnjr 

1.05 

3.3:) 

'      3.85  1 

.       1       4.8«i  ! 

2.74 

3.84 

November 

1.70  1 

2.03 

Total 

10. 7K 

~"43.:» 

9.42 

7.27 

5.«7  1 1    10.41  1 

8.61 

Yearly  total... 

a->.03 

40.10 

30.;i2  1 

36.5:^  1 

31.00 

a  Cherry  Valley  record. 
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Table  No.  62. — Record  of  precipitation  at  Johmtown  for  certain  tcater  years,  as 
indicated^  from  ISJS  to  isy>^  inclusive — Continued. 


Month. 


IKJT. 


1838. 


IKW. 


1841. 


1H4:; 


December 
January  .. 
Febmary . 

Marrh 

April 

May 


ti.9U 
4.W 
3.74 

4.(1 
8.50 


4.10 

4.)^8 

'.\.m 

5.47 

2.(tt 

4.5:^ 


3. 45 


--I 


Total. 


:m.58  ;     :J.V45 


«l.m 
3.51 
0.H7 
3.90 
2.  .34 
2.H!» 

J    ul^ 


184a 

18U. 

2.79 

2.25 

1.16 

3.»5 

l.JS 

3.W 

3.38 

6.00 

2.35 

l.»7 

l.«5 

4.(« 

1845.      Mean. 


Jane  ... 
July..... 
AnfirnBt. 


Total. 
September. 


Septe 
October . 
November . 


Total 

Yearly  total. 


2.76 
3.98  ' 
2.40 

l».14 

2.44^, 

3.45  j 
2.M  I 

H.  70  I 

"52. 42  I  ' 


5. 45 
2.26 

7.4H  ' 


3.65 
3.18 


5. 18 
l.?2 
3.71 
3. 41) 
3. 13 
1.91 


19.14  i      12.88  I    22.10 


6.29 
5.23 

4.:i9 


3.44 

3".  17 


4.48 ; 

1.14 
3.32  I 


4.10 
2.95 
4.26 


l.j.  19  I  .  ... 

"l.ftl      .777. 

3.2>  I   

.5.(W  I 

10.49  1 1        8.94         11.31 

TlT  13  :  ~  7. . . . . '  r  ~i«!  09  I     46.W 

a  Fair  field  n»oord. 


15.91  !       8.73 


8.72 
4.52 
4.66 


12.90 


2.96 
4.74 

2.;» 


10.09 


4.16 
5.82 
4.77 


14.75 


31.70  I    49.75 


2  27 
5!  45 
4.00 
3.44  i 
2.90  I 
2.29 


2.98 
3.30 
2.86 
3.63 
2.93 
3.45 


18.  a5         19.15 


2.98 
3.70  , 

1.07     ; 


4.20 
4.01 
3.14 


7.75 


11.35 


3.64  I 
4.6K  I 


2.87 
3.S9 
3.3:^ 


10.15  1        9.49 


36.25        39.99 


Table  No.  6ii. — Record  of  precipitation  at  Keene  Valley  for  certain  water  years, 
as  indicated,  from  1S70  to  IS'.iS,  iuclnsiv^. 


Month. 


December - 
January . . . 
February  . 

March 

April 

May 


Total . 


June 

July...- 
August . 


Total. 

September . 

October 

November  . 


1879. 


6.74 
1.35 
2.44 
2.49 
2.24 
0.82 


1880. 


1881.        1882.        18K}. 


0.77 
2.08 


97 

3:j 

60 

75  I      4. 10 

18  !       l.(tl 

74  I      2.W 


16.08 

2. 72  ' 

2!  89  i 
1.99 


l.->.  M  ,     13. 15 


2.6'J 
2.2i'> 

2.80 


3.2J) 
1.7:]  : 
1.99 
4.31 
0.91  , 
2.4<i 


1.74 
1.55 
2.i%t 
1.83 
1.57 
6.(K> 


1884. 

1.14 

2.W 
3.13 
3.1H 
1.47 
3.tH 


14.  «l 

~4.oV 
1.88 
2.  r.2 


1885.   I     1886.   ■  1887.      1888. 


m 


1.44 


2.:e  1.51  I  2.76 

4.(i:)  3.05  I  2.30 

I      l.;W  2.92  I  1.52 

I      1.70,  2.:W  3.23 

I      4.3!]  I  2.00  1.89 

2.:SJ  i  0.81  2.92 


15.:J2  I     U.81       16.t«)  i     lt>.Ol»  I  12.67       14.62 


Total 

Yearly  total.. 


2.93  , 

0.H8 

8.47 


38_| 

m  ! 


3.21 
2.42 
1.72 


1.28 


.35 


JO.        

"xJ.aTl  28.2rr 


2. 73 
3.41 
1.32 


8.r,5 
0.  rs  ' 

1.4:J 


2  54 
2.:?9 
1.99 


5.90  i 

"29.0«~|' 


6.92 
29.70~ 


1.34 
2. 15 

3.n 


l.Hl 
2.32 
2.44 


6.57 


1.85  3.48  3.42 
3.22  ,  5.76  i  2.46 
4.15  I    L79        4.33 


12.84  I      9.22 


3.47 
2.37 
6.<H 


11.  K5 


11.03       10.21 


0.51)  4.49 
1.20  '  2.92 
3.27        d.(« 


12.47 
:{7.30 


5.0!) 


Month. 


December  . 
January  . 
February.. 

March 

April 

May 


Total.. 


June  — 

July 

Au^st  . 


Total - 

September. 

Octol»er 

November . 


ToUl 

Yearly  total . 


1H>*9. 


5.4:^ 

l.(»9'! 

0.68 

2.63 

3.3:i 

15.  8H  , 

~.5.77 
7.92 
1.44 

15. 13 

~3.fi4" 
2.«iO 
3.78 


1890. 


1891. 


lMfl2. 


2.5S 
4.6) 
3.01 
3. 55> 
2.11 
1.80 


3.97 
5.  (« 

1.80 

4.3:^ 


21.  WM      17.72  i 


3. 13 
1.84  ; 
7.71 

"12.68" 


1893. 

1894. 

0.61 

3.J« 

1.K5 

2.33 

2.48 

1.61 

0.ft-| 

1.40 

2.37 

1.22 

5.37 

4.44 

37.16     28.70 

1H98.  I  Mean 


1S95 


13.6:3 


3..3J)  3.59 

2. 75  8.  48 

2.9tl  5.87 


9.42  I 
40.13" 


04  , 
61 


9. 10  I 

i.:38  r 

2.29 

8.OT 


17.94 

2.71 
1. 77 
4.10 

8.58 

4?.^ 


14.92 


2.20 
1.12 
0.(S1 
0.96 
2.:« 
2.60 


9.  8:j 


i.:w 

4.78 
9.1»2 

16.(0 

'  2.29" 
2.21 
1.94 

6.44  I 

"leyio"!' 


l.HO 
2.10 


6.68 

~3.":^T 

4. 22 

4.05 

12.(16 


al.90 
7.2») 
2.80 
2.») 
2.85 
2.20 


19.25 


4.21  2.50 
3.17  4.04 
8.(Jl»        4.25 


1.5. :»  I    10.79 


3. 75 
1.43 
.5.79 


10.77 
'3?ri8 


3.56 
3.86 
2..5:J 

9.95 

~i»r9iri 


t  Lake  Placid  record. 
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Table  No.  04, — Record  of  precipitation  at  Kinderhook  for  tlw.  water  years  from 

ISJU  to  IS47.  inclusive. 


December 
January 
February 
March . . . 

April 

Ma: 


a  Hudson  record. 
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Table  N<>.  (»o. — Record  of  precipitation  at  Knigs  Station  ftrr  the  water  years  1S91 

to  ISHS,  inctusive. 


Mouth. 

1.S91. 

1892. 

185«. 

1894. 

1895. 

3.06  i 
2.16 
1.20  1 
2.01  ' 
6.52  1 
2.26 

1896. 

4.12 
1.15 
6.20  j 
6.44) 
0. 70 
3.47 

1897. 

1.17 
2.20 
1.75 
4.95 
3.68 
6.ai 

1898.    1  Mean. 

Decemljer 

January     

.12.S5 

/i3.95 

J  5. 01 

3.15 

l.Wi 

2. 57 

4.96 
5.41 
2.  IM) 
2.25 

0.H4 
6.21 

1.45 

2.JH) 

6.85 

2.65 

3. 18  ' 

6.06 

4. 52 

3. 15  1 
2.17 
1.87 
5. 2H 

6.27    

5.25    

February  

5.5;J  1 

MarcU 

AdHI 

1.74  1 

3.41    

May 

5.12  I 

Total 

21).  (« 

_ill'. 

2:3.09 

20.(1) 

17.21 

22.(^4  1 

2I>.  10 

27  :ii     

June  — 
July... 

August 


2.47 
4.04 
3.  J« 


4.49  i 
4.31 
6.6(i  I 


1., 
5. 
li.; 


.5.11 
3.«i:{ 
3. 14 


3.40 
3.ik-> 
3.81) 


2.21 

4.:)o  , 

2.19  I 


6.63 

8.83 
4.70 


Total - 

September. 

Oftober 

NovemV>er . 


Total 

Yearly  total  . 


10.44 

r..46 

17.88 

ll.SH    , 

10.91 

8.7(» 

l.(i8 
2.60 
2.1^ 

1.30 
3.12 

3^6^, 

1.97    ; 

1.25 

2.82 
4.72 
2.74 

2  27 
3. 2:j 

6^r 

4.2.5  1 

6.17 

7.26 

6.81 

6.87 

10.  is 

6.  m 

17.21 

37.  73 

~44.^ 

.:m^ 

42. 10 

:r).o.s 

47. 9.-> 

2J>.16 

1.45 

8.15 


11.25 
~5r5T 


9.64 


1.5. 43 


22    . 

82  ;. 
60  j. 


39  I      45.24 


(I  Gal  way  record. 

Table  No.  6 ». — R(V(tr(l  of  previnitation  at  Kiu(/ston  for  certain  vuter  years,  as 
indicated,  fram  ISJ'J  to  l^'>u,  inctusitr. 


Mouth. 


1S2S>.      ISiO.     18:U.  I  IKfci. 


l83:j.      18:34.      1835.      183(i. 


Deceml>er ft  0.33 

January 4.  .VJ 

February j    3.r6 

March '    3.00 

April *    4.98 

May 2.44 


Total. 


IS.  94  I 


June '    2.WI 

July-- 5.82 

August l.»-6 


2.00 

5.  in\ 

4.  :i5 

L92 

3.20 

l.M 

3.  m 

5.26 

4.  J»2 

2.85 

1.07 

4.  '.i< 

4. 15 

3.  It* 

1.41 

3. 76 

3. 62 

2.86 

2.  82 

2.  Jy 

3..'« 

4.48 

2.r)0 

2.57 

2.  70 

5. 16 

3.16 

2:k\ 

5.  Of] 

3.48 

17.2,5 

24. 34? 

21.48 

20. 45 

16. 56 

~4..^»" 

^.87 

~^2"  8;5' 

4.40 

6.  ti7 

3.45 

4.13 

4.09 

4.94 

5.<ri 

(».75 

1.2:J 

4  94 

2.:J.» 

1.21 

3.56  i 
3.W  , 
1.20 
2.;«  , 
5.98 
1.70  I 


2. 15 
3.15 
1.95 
1.54 
1.91 
2.98 

13.68 


4.21  I 

4.65 

2.79 


4.65 
5.15 
1.4;} 


18:37. 


5.30 
1.15 
t).  80 
5.  75 
1.40 
6.68 


1838.      1839. 


2.40  ' 
2.08  ! 
1.50  I 

2.28 : 

1.57    ; 

6.25  I 


1.00 
2.45 
l.ttO 
1.38 
2.55 
4.71 


21.08  I  16.08  I     13.09 


5.40 

4.90 

3.85 

1.47 

2.:iO 

6.60 

2.78 
5.62 

2.a> 


Total 

.i  iar,7 1   8.;52 

12.::3  1  11.88  1  ll.r,4 

~2.;30  l"0.79    '  2747 
4.:)7      3.15      4.r>o 

2.N»  1   :3.::8     3.:o 

12.90     ll.ti5  1  11.2:3 

11.5:5 

11.97 

10. 75 

September 

October 

November 

.      2. 12 
.     :\.d2 
.     2.57 

1.60 
2. 72 

7. ;  0 

~2.:»9~~ir28'~2.76 
2.06       1.41       3.17 
1.5^       2.30      3.13 

1.57 
l.ft> 
0.78 

4.80 
2.18 
3.61 

2.80 
0.65 
3.10 

Total 

J     8.01      11.12 

9.47       7.:V2     lu.«;7 
~i}.06  1  40.  tW     42.76 

6.(«  1    4.91»  1    9.(56 
:r>.49  1  3.5. 135  1  33.97 

4.30 

10.59 

fl.55 

Yearly  total . . 

.    37.32 

37.09' 

36.93  1  38.64 

'  '30.96 

a  Mean  of — 

Albany 0.24 

Newburg 0.42 

2)0.66 
0.33 
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Table  No.  6Q.— Record  of  precipitation  at  Kingston  for  certain  water  yearn,  as 
indicated,  from  ISJ'J  to  18'>0,  ywc/^/s/t'e— Continued. 


Month. 


\m}.   ■  1H41.      ISIL*.      IKliJ.   I  islo.      1H4<;.      1847.      Ix4«.      1K*».      1850.     Mean. 


December  . 
January  ... 
February . . 

March 

April. 

May 


l.fCj 


2.92  '    ".i.lW 

4.?.i  '    :i.24 

0. 85  2  31) 

2.(J5  2.15 

4.4<>  0.70 

l..Y>  Jl.:«» 


I 

I  ■     "     I 

4.44  0.3.92 

4.;jo  I 

3.70 

I  ;j.^«) 

1.70 

I  2.25 


2.fl? 
2.  J»5 
l.U) 
4.  HO 
0.60 


a.  10 

a.tio 
4.40 

a.  20 

1.10 
2.»50 


4.  W* 
2. 70 
2.i>0 
2.  (JO  . 
0.20  ■■ 
8  IMI  : 


4.72 
2.  «5 
1.55 
2.(W 
2.15 
4.1W 


Total I  15.98     !«.*»»  ;  11. «2 


I9.r»7  :  lt5.80     18.00 


■Kv 


80  j  i.H.  la 


June 

July 

August  . 


2.70 
1.82 
2.1MJ 


4.  10    : 

4.58 
4.17 


2.  (SO 
«.87 
5.  HO 


1.80 
a.  70  , 
1.10 


Total. 


.42  I  12.8.5  j  15.: 


September 2.15 

Octol>er 5.»i5 

November 2.  (Ml  i 


1.41 
2.11 
4.17 


0.42 


2.  r>5 
a.  75 

2. 2.5 


2.  .50  I    4.(M)  a.(« 

4.ao  a.(">  4.80 

a.5(»  I    1.70  0.H5 

io.:«)  i  «..ao  |  n.(w 

0.  ."lO  (i.  20~|"  2. 85 

:    2.00  2.7(»  5.00 

.5.30  ,    2.20  2.40 


Total 10.4«l      7.(K»  I    H.50i. 

— <         _______    -     _. 

Yearly  total ...   3:3. 86  i  36. 84     :J<i. :««' 


11.10     10.25 


:W.82     :M.  90     38.40     41.13 


1.21    ' 

0.(i0 

^-^ 

»)..51  I  

1.50    .TTTTT 

8.02  ; 

.5.27 

n.W ":' 

~m^  '. '37^42 


a  Mean  of  - 

Poujjhkeep.sic. 
Hudson 


:j.86 
3. 97 


3.  in! 


Table  No.  67. — Record  of  precipitation  at  lAdyard  for  certain  watei'  years^  an 
indicated  from  IS. "7  to  IS/il,  incJnsin: 


Month. 

■■  1827.  ;  1828. 

1 

'al.2»l    '2.m 

ixjo.    IKU.    18:J2.    183:J.    18;w.    18:15.    1844. 
hl.-.il    2.90     1.42     1.12    W.76     1.44   h2.:*) 

1845. 
0.50 

IKtO.    1851. 
C3.41  j  4.80 

Mean 

December 

January  

;t..54    

l.OS    4.42  ,  l.f.l    1.08    «».75 

1.07    

February 

2.12   

0.»n     1.34  '  2.43    1.01    0.25 

:j.45  j 

.-  ... 

March 

2.8i 

3.20    1.24     1.01  : 

2.(W   '  0.70  

0.70  1 

April 

B^y 

2.51    

2.10;  :j.3:j  ,  I.JO  , 

2.:M   1.42   

1.01    

?.  13! 

4.82,  2.:J4  1  2.(V5  i 

2.:m   .5.15  

6.70    

Total 

114.42   

i:i.  14  15.57   11. (»5 

11.62; 10.57   

»«>••«  1 

June 

1  5.25   

(J.  47     4.78     (J.88  i 

2.W^C...~.    2JiOi...~i  4.00  iITT... 

July 

2.29   

4.01     5.13     4.77! 

1.14   ,5.:i5! 

4.r,o  

AugruRt 

3.  .59: 

l.(J8    4..5:i    4.44   1  :t.:)3  :i.2o, 

2.  CO  1 

Total 

11. la; 

12.16  14.44   10.09    

7.57    ;10.55 

11.10  1    ' 

Beptemlier  

1  2.37   

:i.48|  2.94     3..58  : 

2.68, 

1.80 

4.94  1 

■ 

Octoljer 

'   4.73   

1   !.(«    :j.22     l.J«  ; 

1.98 

4.95 

4.51    

November 

1..54   

1   .5.62    1.41     2.69  i 

3.64 

0.65 

3.93    

Total  

8.<;4  

10.19|  7.57  i  8.23  | 

7.30 

7.40 

'i:i37   

Yearly  total 

34.19^  .....7 
How  rword. 

:w.49  .37.r»8  2i».:w  1 

3f).49 

38.52 

4fK81    

1 

.33.31 

a  Onondaga  H< 

b  Mean  of — 

c  Auburn  record,  3.41. 

Ithat^a 3.35    1.82 

Auburn 0.66    2.35    4.23 

PrattHburgh.  1.27    ....    1.35 

CanandaiguH.  2.17    .3.86    .... 

Onondaga....  1.14    1.60    1.83 

4).5.34  11.05    9.23 

1.; 

Jl    3.7 

6    2.3( 

) 
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Table  No.  68. — Record  of  precipitation  at  Liberty  for  certain  water  years,  as  indi- 
cated, from  1850  to  186S,  inclusive. 


Month. 

1850. 

1851. 

1852. 

1853. 

im. 

1855. 

1856. 

1857. 

December 

4.23 

3.88 
2.29  i 
3.75  j 
6.71  1 
4.05 
3.10 

5.26 
2.61 
5.01 
3.91 
4.73 
5.62 

1.32 
3.94 
5.43 
1.86 
6.70 
5.55 

6.09 
8.64 
1.67 
0.78 
3.02 
2.82 

6.34 
1.45 
1         1.22 
'        1.87 
2.40 
4.48 

i.52 

Jantiary 

0.98 
7.69 
3.15 
10.91 
3.67 

30.63 

8.60 

February 

2.24 

March     

3.38 

April 

8.76 

May 

7.17 

Total 

2:J.78 

~     4"66~r 
2.79 

4.86  , 

27.14 

~T69 
5.46 
4.91 

24.79 

16.92 

16.76 

29.67 

June 

4.H8 
2.(8 
2.22 

2.37 
2.42 

0.92 

7.44 

8.83 
2.02 

3.63 
1.50 
6.89 

5.56 

July 

7.10 

August 

i.34 

Total 

9.78 

12.30 

17.  (J6 

5T04~ 
5.50 
4.36 

5.71 

18.29 

12.02 

16.99 

September 

3.72 
2.68 
3.64 

i.a5 1 

3.08    : 

5.4:^  ■ 

3.30 
3.63 
9.02 

1.42 
4.62 
i.62 

1.92 
9.10 
2.89 

2.94 

October      

2.82 
2.67 

3.76 

November 

2.30 

Total 

10.04 

10.36  1 

14.99 

15. 85 

10.66 

13.91 

9.00 

Yearly  total  ... 

50.45 

46.44 

1 

59. 19 

44i.:« 

4^.87 

42.69 

66.66 

1860. 

1861. 

1862. 

1863. 

Mean. 

6  35 

6.73 
5.45 
2.18 
2.67 
7.05 
2.82 

1.'75 

8.20 
1.50 
0.50 
0.74 

1.86 

2  97 

1.55 

1.41 

0.1*6 
1.70 

3.96 

18. 10 

26.90 

i 

3.57 
7.34 
6.68 


2.96 

3.85 

a  4. 00 


9.12 
5.13  ' 
1.15 


Total 


16.90 

17.59  \ 

10.81 

6.52 
l.(H 
3.69 

3. 65 
1.67 
3.52 

1.53 
3.:j9 
l.JHi 

J  1.25 

8.84  1 

6.58 

15.40  i 


3.5S 
4.70  I 
1.60 


9.88 


50. 06 


44.53 


44.29  1 


47.98 


a  Mean  of  eleven  years. 
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Table  No,  69. — Record  of  precipitation  at  Lowville  for  certain  trater  years,  as 
indicated,  from  JSJ7  to  18i)S,  inclusive. 


Month. 


December  . 
January  .. 
February . 
March  .... 

April  

May  


1K27.    I  1H3H.   !  lt«».   j  18»K 


al.W 

3.:» 

1.91 
().:)0 
1.K8 

i.(e 


2.W) 
2.dr> 
3.5r> 

1.51) 
1.44 
2.07 


Total  I  10.45     14.  ;i 


Jnne 

July  .... 
August 


Total 

8epteml)er 
October.... 
November . 


2.70.  2.35 

2.01  1.99 

3.10  1  1.75 

1.13  .  4.5:) 


2.  BO 
l.Kl 


13.:i7 


<i.35 
.10 


13.07 


A.  14 

2.84 
4.11  , 


2.4:»  3.44  5.:)2 
7.53  I  3.05  ,  2.78 
2.e3       1.91  '    J.Ort 


\»n.   .  we.   '  IKSJ.      IKM.   '  lh35.      IKJO. .    1839. 


4.82  2.11 

2.48  I  2.a"» 

5.71  4.24 

1.35  i  1.45 

3.38  1.0I» 

2.75  3.15 


20.49     14  (N) 


2.10 
5.94 

4.01) 


1.  t'lO 
0. 70 
4. 45 


13.09  I  12. »1       8.40  ,  10.0I{  I  12.10       H.:5 


Total  

Yearly  total . 


2. 18  I 

4.80 

1.40 


3.25  I    1.3rt  I 
'  "       1.07 
3.K2  ! 


2.51 
2.  HO 


8.:)8 


31.92 


2.77  !  3.25 
3.05  I  3.48 
5.24  I    2.18 


3  05 
2. 75 

""rt.K^  '  11.  (»  I    8.91  I    8.32 

»r«2  i"3ri9'|ir.5o  ~29.07~|  :w.:« 


2.  ItJ 
2.10 
1.75 
1.30 
1.45 
ft.  40 


2.88 


15. 1«    .. 


3.tt)   --.- 
3.30   .... 

2.87    .... 


9.97    ... 

2.9tt"... 
4.50  ... 
1.77    ... 


\}.Z\    .. 


0.90  :    2.50     M.35 

3.(6    3.29 

2.40    1.18 

1..35    1.97 

2.61    1.19 

l.»W    3.76 


ll.jri 

~6.7.r 
4.51 
5.12 

16.38  I 


12.69 


3.47 
5.31 
1.99 


10.66 


1.48 
5.49  ' 
2. 25 


2.82 
0.46 
2.  .30 


9.2:1 


37.5-» 


5.58 


28.^ 


Month. 


1840.      1841. 


1842. 


I       I       I       ' 

1843.    '1844.      1845.      184*$.      1847. 


Decern t»er 0.82  3.72 

January 4.36  3.15 

February "  2.36  0.29 

March 3.21  ,  3.20 

April.   4.57  1.65 

May ;  3.73  |  1.<I2 


2.37 
0.5.'» 
5.67  ; 
2.:«V  I 


*l_ 


0.70 

1.4.? 

1.72  i    1.31 


! 

\.'X.   '•■  l.Cfc") 

1.16  !  2.7«> 

i.ivi  i.(n; 


1848.    years'    1850. 
mean. 


ToUl I  19.(fi 


Jnne  ... 
July.  .. 
August. 


ToUl.... 

September 

Octobei 

November 


2.72 
2.36 
1.73 

H.81 


4.70 
3. 71 
2.82 


Total 11.33 

Yearly  total 


37.  (J9 


13.  (R     15.00 


.06 


2.K5 
2.47 
3.73 


4.(t8  I  4.09 
2.22  !  5.13 
3.a2  ;    2.90 


1.88 
3.58  ' 


1.J>1  ' 

2.95 

1.73 

1.94 

1.71 

3.56 


0.90 
l.(t) 
1,86 
1.25 
0.99 
3.71 


0.59 

8.01 

2.00 

1.96 

l.:is 

2.a5 

3.35 

0.80 

2.43 

1.96 

0.68 

1.78 

3.76 

0.68 

1.91 

1.41 

4.83 

2.  TV 

11.53 

4.  kT 
1.77 
1.77 


12.90  ,    9.76     13.  (W  i  ll.JW     13.26 


l.(r7 
4.25 


I.:M 
r.53  ; 


3.48  1     1.14  I    3.43    

1.22  I    8.29      3.67  !. 


2.98  !    0.91  I    2.:W  ■    2.45  .    2.85 


I:, 

9.(k-»     10.22     12.12  j    7.64       8.:iO  |    5.78  |    7.06  ,  ll.RS  |    9.94    . 
1.40       1.34      2.93  ;  ~2~16   TftT 


5.06  1    4.r»8 _ , _ 

0.54,    2.40      3.67  I    4.48       2.95      5.20      3.99 
2.54       3.18  1    3.2:1       152      3.72       4.27       4.30 


0.88      2.84    

3.22  I    3.29        5.80 
3.06  I    2.94         1.60 


8.13 


30.21 


10.36  1    8.:iO  I    7.:U       9.60     11.  »W     13.»tt  |    7.16  1    9.07 
3575ri"27^48~;"2ir5'i     3iK  80"  ~27. 17   ':aT4~,  30. 42 


:t;.27 


u  Onondaga  record. 


h  Mean  of — 

Mexico 2.69 

Gonvemeiir 0.72 

PotHdam 0.7:J 

3)4.04 
1.36 
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Table  No.  09. — Record  of  precipitation  at  Lowville  for  certain  irater  yearn,  as 
indicated,  from  1S27  to  Ji>0^\  inclusive — Continned . 


Month. 

1851. 
5.20 

1852.      1853.    :  1854. 

1855. 

1856.      1K57. 

5.41 

1.61 

4.81 

3.15 

5.74 

2.75  1    3.65 

1858. 
4.69 

1859. 

1860. 

1871. 

Deceml>er 

5.ir>       4-51   '     1.76 

"4.'8i" 
2.38 
3.88 
2.37 
1.31 

o  io 

(I  5. 02 
1.17 
l.OO 
2.06 
1.82 
2.(6 

12.91* 

b3.23 

January  

3.06       1.58    

3.42       3.71    ' 

1.17  1    3.77 

4.08       2.04    1 

3.39  1    2.61    1 

2.26  1    2.11 
2.21  '    1.82 
0.80  :    4.22 
2.73       3.89 
3.72       1.81 

16.41  1  15  77 

February  

March 

5.11 

Anril           

2.78 

my  :;::::::::::::.- 

2.20 

Total             

20.32  i  18.76 

1  24.:i7 

~  0. 19"|~4'34~ 
1.69       1.42 
2.88       4.96 

4.76     10.  ?2 

June 

3.64  1    2.84    

4.05  1     1.K5    

2.4^1       3.51    

6.») 
4.44 

2.98 

3.78 

3.;» 

3.30 
2.74 

4.84 

2.07 
5.40 
4.61 

12.08 

3.31 
4.56 
5.13 

1.94 

July      

2.53 

August 

3.58 

Total 

10.12  1    8.20    1 



10.11  1  10.78 

8.05 

September 

2.WJ       1.95             .    L 

4.17       2.75       3.34 

3.85 
2.86 
4  !•» 

0.94 

October 

November        ....... 

3.78 
3.66 

2.JW    ' 

2  ;Ui 

1.31       5.04 
2.  78       5. 15 

8.26     12.  M 

4.58 
2.63 

1.42 
3.45 

Total         

10.40  1   «.;w  

10.45  1  10.3:J 

13.00 

5.81 

Yoarly  total .. . 

4<».H4~ 

:«.:w   

48.(« 

36.97 

:«.88 

37.99 

Month. 


1872. 


December 
January  .. 
February  . 

March 

April  

May 


Total. , 

June 

July 

August 

Total - 

September. 

Octolwr 

November. 


0.  W 
1.90 


6.40 
4.39 


Total 

Yearly  total  . 


1><1K).        1S91. 


2.  S(» 
3.38 
4.12 
3.W) 

l.:«) 

1.24 


16.44 

~4.  vi 
7.46 
2.:¥) 


13.86 


1.74 

3.o:j 
5.2:^ 


10.00 


1892. 


4.  75 

4.11 

1.42 

2.72 

0.»i8  , 

4.79 


18JI5. 


1.80 
2.29 
4.<I8 

i.m 

3.89 
(i.78 


18. 47  I  20. 70 

'5.861  l."»> 

iAH  2.79 

8.76  I  8.65 


19.56  I  13.34 

3.54  ~2. 82 
1.91  I  1.69 
4. 13  I    3. 75 

9.58  j    8.26 

~47r6ri2T3(7 


5.81 

2.70 

3.51 

3.22 

3. 4;j 

1.68 

1.72 

1.42 

2.26 

2.00 

A.'io 

2.29 

21.08     13.31  I 


1.6J* 
2.28 
3.93 


1896. 

1897. 

4.94 

1.46 

2.32 

2.72 

4.7:^ 

1.75 

4.88 

2.97 

0.80 

2.97 

2.0ti 

3.97 

19. 70 

15.84 

1898. 


32 
years' 
mean. 


2. 75  . 

l.:J4 

1.66 


5.  75  I    7. 90 

3.84  fT^ 
5.28  1.54 
2.60       4.64 


38.55 


8.81 


30.02 


1.83 
3. 50 
2.45 


7.78 

3.W 
2.15 
5.23 


10.47 


37.95 


3.02 
4.32 

2.10 
1.63 
2.24  i 
2.78  I 

16.09  I 


3.40  I  2.57 
2.96  1.00 
3.27  I    3.61 


9.63  I    7.78 


1.72 
1.34 

5.81 


8.87 


34.34 


2.92 
5.07 
3.41 


11.40 


a5.27 


35.01 


Mean,  1891  to  18!»8,  eight  years,  38.29. 
a  Mean  of  Pieri>ont  Manor  . 


4.^ 
5.  IS 


b  December,  1861. 


2)10.(» 
5.02 
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Table  No.  70. — Record  of  precipittttion  at  Lifonsfor  the  vater  years  i^'.v.'/  tolSOS, 

inclnsivr. 


Month. 


18SD.      mm.      ISUI.      1«I2.       1S1I3.       ]8S*4. 


I8ir>.     i8i«. 


181J7. 


18«8.    Mean. 


December <i2.50 

January ^3.53 

Ffjhruary 2.5H 

March  2. 10  i 

April 3.3ft 

May I    3.15 


1.88 
2. 02 


3.i;4 


2.70  I  1.52 
0.94  3.27 
2.0^ 
1.33 


4.48 


1  57 
:i.8<) 
1.3;) 
3.18 
1  17 
4.  (Hi 


1.3s 
2.2;) 
3.18 
1.22 
l.r,7 
4.88 


Total. 


17.a-»  ■  15. -'3     12.93     14.17     U.5« 


2.00 

2. 7rt 

3.74 

2.4.',  1 

2.12 

3.57 

2.  ;V, 

2.17 

1.28 

2.(«  i 

0.  W 

5.25 

2.07 

i.r>4 

l.CKi 

5.31  1 

3.2i} 

2.27 

17.01  i 

12.74 

21).  13 

HA 


3.14  .. 

4.82  -. 

0.95  •     l.lvt  .. 

2.37       2.37  .. 

2.14  i     l.tO  .. 

1.84  \r'.i.m  .. 


June 0.22  3.77  1.19 

July O.Kt  4.411  2  42  I 

Augu.st  1.83  I    3.41  I  3.5S  ' 

Total 14.(W  11.59 


2.m 
4.2:1 


3  :r, 

4  24 

7.89 


2..T, 
,    2.11 


2. 59 

3.  Ii9 


2  42  ,    2.95  I    2.8ii    

•4.71       'i.m  I    2.90    

3  (»5  I    l.::2  '    5..V*    


.19      12.8!»  i  1.-I.4.';       ».»:0  I    9.H7      10.  18|    9.-'l      11.  lO 


September 2.72      9.01       1.10 

October 3.58      4.00      3.58 

November 3.90      2.81       1.99 

Total 10.20     iY.08  1    0.73  1 

Yearly  total ...  41 . »«'  ~4;l  90~  "20.  K5~ 


(».81 
1.20  i 

3.34  ' 

5. 35 

;tt.4r 


2.o:{ 
1.91 
H15 

4.W  i 

35ji'''3 


4.15  I  1.07 
2.91  '  «).95 
2.0/  1    2.70 


3.72  1.18  :iJV  .... 
1.20  0.48  4.3S  ... 
3.2t       3.40  '    int.)    .... 


5.38  I    8.22  I    5.12     10. -17    

^7"  79'  1».  .-yf  "jK.  Jw"  I'w.  4Tl  :w.1o 


a  Mean  of — 
Auburn  . 
(4ene%'a.. 


3.m 
1.24 


h  G<»nevH  record. 
r  Hofle  record. 


;  )5. 18 

2.  .59 


T.vCLE  No.  71. — Rivord  of  precipitation  at  Malotw  for  certain  tcater  yearn,  as 
indicated  from  J.S.iO  to  ISiti;^  inAuHive, 


Month. 

1839. 

1840.    1841.     1842.     184:1     l89tl.,  18!)1. 

1892. 

18KJ.  1  1894. 

1895.  1  1890. 

Mean. 

Decemlwr 

January  

February 

March.. 

^S?.':::::::::::::: 

aO.72 
2.3(» 
1.28 
1.72 
0.84 
3.21 

1.07  ',  2  ;« 

1.85  1 

1.83    

1.41    

4.00    

3.90    

al.44  1  2.87 

l.Ot    

:j.57   

2.W    

1.28  1 

1.82  1 

1.90     3.18 
:j.74  1  0.24 
4.:J8  1  2.51 
WAX     4.04 
4.:J7     1.81 
1.92     IVM 

2.19 
l.tti 
2.52 
0. 8i") 
3.44 
4.05 

0.21 
2.48 
2.3l> 
2.98 
1.15 
2.85 

3.13  :  4.22 
2.18     1.34 
2.94  :  0.47 
l.:5  ;  4.75 
2.71     2.17 
2.82  1  1.2:J 



.'7.71 

Total 

10.07 

14.00  i 

12.U      

19.r^   21.04    14.71  |17.87  !l5.n   2).Ll 

June 

July 

3.59  ;  2.47  \ 

8.85  1  2.72  : 

0.  W  1  2  :«  1 

4.10; .C.'... 

5.11  ; 1  :t !«» 

4.45"!  o.8r  372ir 

\.m  1  7.r.9    5.17 

4.80     9.57     9.98 

4.70 
4.87 
1.05 

;i.0:)  1  4.57 
:i.08  i  5.71 
7.75  1  3.(W 



AufiniHt 

1.:h»  

1 

Total 

September 

October 

8.40 

1.25 
0.76 

3.53 

22.<J0" 

7..55  ! 

3.78"i   .~ 

4.19  1 

2.20    

10.17    

31778"  "...Z 

10.00  1. 

*2.ar..T!!: 

:j.:i2  

1.37   

7.04_|.^.._.. 

:¥».;»  ....... 

i.oi' 

14.11 

1.78 
:i.  50 
2.09 

24.07  :i8.44 

2.4ir|  2.71 
2.51  1  1.30 
4.44  j  1.45 

10.08 
1^67" 
2.70 

i;j.92  v.\.n 

~3.3r..77. 
0.<12    

- - 

November 

4.84    1 

1 

Total 

9.44  1  5.40  111.70 

8.77  1 ' 

Yearly  total 

7...r41.To"55.15' 

I 

38Tfll   4<J.25 

37.82~..77. 

:J7.22 

re  Mean  of- 

I'otsdam 0.73 

Gouverneur 0.72 

2)1.45 
6.12 

0.40 
2.42 

2.88 
1.44 
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Table  No.  11.— Ri>vi ml  of  precipitation  at  Mexico  for  certain  irater  years,  as  indi- 
cated from  i.V^r  /()  my;..,  inclusive. 


Month. 

]f«7,    1m:1m.  I  IrtW.    Itmii 

1          1           1 

1^1.    1H12.    ISi:;.    1S44.    1845.    1846. 

1.37     3.87     3.W     2.10     5.30     1.87 
'S.m     1.95     1.74     3.60     2.45     1.42 
2.2,-»     4.86     3.41     0.65     3.70  '  1.65 
1,5.'^     2.44     6.65     2.60     2.75     1.35 
2.116     1.90     1.82  j  1.61  1  0.92     0.77 
t(W  ;  1.90     2.17  1  4.31  !  3.10     2.07 

1847.  '  1848.     1849. 

1            ' 

1850. 

December . . . 
January.  ... 
February  ... 

Marrh 

April 

Mky 

al.rri    2.73 
l.TO  1  2.77 
l.«i  I  LSI 
2.J3     0.W 
0.77     Mm 
3Jil     ii.J3 

2.MJ  Ia2.l;t 

!  1,©I 

1.34 

LOU 

1.75 

....„    Irt4 

3.62 
...... 

a3.97    3.88 
2.40     2.00 
1.00     0.47 
2.13     1.27 
1.06     1.04 
4.34     2.2:) 

2.91 

Total  .- 

mm  ^n.jm 

.'  ifZi 

12.21* 

16.91    19.  ra   14.87    18.12     9. 13  1 

14.90   10.89 

June 

July 

Aufrnst 

4.72    ire 
tiJii    3,J2 

l.Sl 
l.«* 

Left 

l.tK 

1.4,'j 

3.32     2.10,2.02     3.52     1.38 

2.77  4.24  !  2.25     3.23     2.92 

1.78  1.07     2.77     0.20     l.;«) 



2.36  .  0..57 
2.75     1.91 
1.80     1.66 

Total  .. 

lit.^K 

IrtS 

6.30 

4,:K  I  7.88     7.41 

7.(4  1  6.95  .  5. 60 

16.91     4.14 

September .. 

October 

November  .. 

3.iy> 
3.2IJ 

i.iifl 

4.47 
4.1ft 

2,  €6 
1.31 
1.71 

3j«*|  5.49  .  2.i7 
1.71  '3.15     4.17 
4.65,3.14     3.76 

0.55  12.59     2.15 
5.90     3.  (:6     6.81 
1.00  1  1.61     5.48 

4.50  1  2.71 
2.37  1  6.28 

1.06    4.<e 

"7.26 
4.99 

Total  .. 

w.7»*  ImiT 

"r^ 

s.r» 

XKVti  ;il.78   i0.40 
26.r,7  :J6.57  :r.54 

7.4,5     7.m   14.44 

8.(e   13.01 

Yearly 
total . 

M.M 

a!.  :U 

30.21 

29.  :w   :t».H3  21».17 

25».  8:i  28  04 

December  .  .  4. 60 

January 2.37 

February..-.  3.86 

March 1.52 

April 2.70 

May 2.45 

Total...'  17.50 

June I  4.04 

Julv I  4.82 

Auifnet !  2.46 

Total...;  11.32 

Septemljer..  2.t^ 

Octolier 3.84 

Novemlier ...  5.  f  H 

Total...'  11.50 

I       

Yearly 

total .  40.  :e 


1860.  :  1861.  ,  162.  Mean 


1.10 
3.48 
2.74 
4.75 
1.8:) 
1.75 


7.00    

3.*29*l!']!I 


00  20.99  2:1.47  |.... 


...li5.r/>  ■ 


4.:il  I    1.52  I  6.29 
7.56  '    2.17  ■  2.09 

2.6i»  I   ;j.:h  ,  6.14 


6.21 


4.U)      5.(4  I    4.  SI 

:).:h     :).45 1   2.w 

2.86       4.25      :i.(0 


!  I    9.20  I  14. -lO  I    7.(W  ,15.:)2  10.23  I 


5.a5 
5.2ii 

2.48 


5.95 
4.19 

:).:J7 


10.60     12.71  I  10.^)  I  1:J.09     1:3. 51 


37.80     44.  ta     40.57     45.85     41. 70  56. 73   40.  :J7   46.  .V) 


2.52 
5.09 
6.80 


'4.(4     3.»W  \~. 
2.65     3.6:j  1. 

...J 

om  

:j.54     5.H5  :. 

10.23  '13.11  1 ' 

3.28"|  :).oo  |.~ 

2.2H  1  2. (4  ' 

1 

1 

3.59     4:51  ' 

-...1 1.91 : 

14.41  I  9.15     9.97    .... 


'  36.68 


Means  of — 

Oimverneur 

Potsdam 

Fairrteld 

Belleville    

O.Hl 

1.74 

2.N) 

1.48 
1.09 
1.25 

'(V82 

3.'88 

2.;w 

4.(t; 

7)14.90 
2.  V.\ 

:{.24 
"6.'42 

LowviUe 

Cazeuovia 

:i.oi 

Utira 

Whitestown 

Onondaga  

2.51 

......  0.87 

5)S.7:J 
1.75 

4)15  90 

":j.97 
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Table  No.  73. — Record  of  precipitation  at  Middleburg  for  certain  irater  years,  as 


Td  of  precipitation  at  Middleburg 
indicated  frcmi  184S  to  180 J,  inch 


Month. 

184H. 

1H4». 
1.79 

1871. 

1872. 

inra. 

1888. 

1HS9. 

1890. 

1891. 

1892.  iMean. 

Decemlier 

a4.84 

1  vm 

1.10  

2.20    

3.:J5       2.75 
4.45  1    2.50 

3.15  :  (3.70)1 

Jftnuarv 

1.4« 
1.77 
2.36 
2.4(1 

3.50    1 

Febmary      

2  10 
G.UO 

1.20? 

±m 

:::*::: 

2.05  '    2.15       5.00 

March 

ADril                  

1.50*     5.10 

;).;«)     K.oo 

7.  Of)    61.  (M 

1.60       4.31       3.61 
3.20       1.50  !    1.40 
3. 35       4. 15  !    3.  (N) 

1 

mSv    

•>  !K 

5.2(» 

Total ;  15.71 

19.55 

17. «) 

17.  :m  1  \\).m 

3.20  1    2.50 

2.25  1    2.80 
2.85      KkV'A)) 

H..*)!)  1  11  .50 

....~ 

June 1    a.44)   

Joly             ».:«) 

~tf .  1(7 

2.80 

5,«r)      7.00 
5.20       7.70 

"i'm 

"  4.1(1 
4.45 

2.a5 

Anffus't                ..         2.  Hi  1            1    4.31 ) 

Total 

■ 

H  r.i  i 

1  l-.'i<> 

11.40 

SeptemlM^r                  '    if.K) 

~3.0()~     6.:i5 "     0.70 

n  HI) 

3.  (to 
8.00 
1.55 

2.60 
7.20 
5.10 

4.30 
4.60 
2.90 



OctolwT 2.K8 

November 2.5« 

Total '    8  27 

(Irand  total....'  33.40 

1    '6At) 

2.4*)  :    5.  .50 
4.45      3.00 

.3.U) 

(2.80) 

6.50 

5.10 

13. 15 

14.90 

11.80  1    9.85     13.  a"! 

: 

, 

51.95 

:».15     39.51  ,  .'r7.(Jrt  1 1    40.35 

1 

n  Mean  of— 

Fairfield... 
Hamilton.. 

..  6.42 
..  3.27 

2)9!  ai 
4.H4 

h  CooperHtown  record. 

Tablr  No.  74. — Record  of  precipitation  at  MinariUe  for  the  water  years  1868  to 


Mouth. 


1S68. 


1869. 


Decemlwr 2.47 

January 3.14 

February 0.97 

Manh 2.73 

April 2.71  ! 

May 7.4(»  | 

Total    i:*.42  I 

June 3.30  i 

July 1.10  I 

AuKUnt 2.8t)  I 

ToUl 

Kepteijiber 

October  

Novenilwr 

Total li.Zi 

Yearly  total 40.94" 

. i       M 


3.40 
2. 75 
1.57 
3.00 
1.45 

3.(r> 


15.22 

""4.4(7 
5.(»5 
2. 15 


7.29 

11.60 

6.26 
2.16 
5. 81 

4.70 
7.2U 
2.75 

1870. 


Mean. 


l(.(k>  I 
~4l.'47  I 


3.70    

4.76    

4.90    

6.30    

5.65  ' 

2.90  I 

2S.L-1  I '~ 

3.05  I 

2.;r.i 

9.54  .TTTT." 

"2T40"i.! 

l.»5    

5.1C)  ' 

4:j.'7iir  42T)4 
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Tablp:  No.  7."). — Record  of  precipitdtioH  at  Miinieiraska  and  Lake  MoJmnk  for 
certain  irater  years,  <ts  indicated  from  ISUl  to  1898^  inclusive. 


Month. 

1S91. 

:i.55 
9.6:j 

4.40 
4.73 
3. 39 
2.68  1 

~28^~ 

4.00 
9. 15  ' 
4.tr> 

17.80 

4^:15 

1.1H> 
5. 19 

11.44  1 

..  ..  —  . 

57.62  1 

Lake 
1892. 

Minucwaska. 
1HJ*:J.     '     1894. 

i.:i5  1       2.8i> 

:t  45  1         1  9tl 

1895. 

Lake  Mohunk. 
1896.         1807.        1898. 

Mean. 

DeoemU»r 

January             .. 

:j.25 

6.09 

5.05 
3.40 
0.60 
1.60 
7. 45 
3.70 

a3.:J0 
1.49 

1.90        5.44 
1  M)          .V07 

February 

2.00        8.15  !      :mo 

4.99  i      '\At*        5.00 

M.irrh 

April 

3.53 
0. 55 
6.  i)0 

22  :12 

5.55 
6.24 

3.80           1.6.-1 
4.20          .3.441 
8.UI          5.85 

28.98  ,       18.76 

:i.a->  1       i.Ol" 
\.m  1       :mi 

11.07  i      4.00  ,      2.93  ; 

M.18  i      2.12  1      2.66  1 

Mav 

2.11         3.92  :      4.28    

i                              ,      .  ... 

Total 

21.80 

;j.3i 

1.90 

24.14  i     16.85       25. :»  1     .. 

June 

July 

Au^wst 

4.:i2       14.71 
2.70.      4.11 

2.07    

9.82  !        4.6*J 

21.61  '      9.:ji 

1.87   

8.19 

Total  

.5  <HI 

9.24      21.11 
6. 64         1. 89 

September 

October 

2.4»i          :i.5;l          7.72  1        0.93 

..—-■- 

-^ 

0.25          4.W 
.5.76  ,        2.Ui 

9.07  1       10.48 

6.90 
2. 50 

:i.ll          1.06 
4.  IK)        5.  10 

Novem  bev 

Total 

17. 12 

14.54  1      8.05 

j 

Yearly  total... 

xiTiirr   4K.77 

41.87 

4r.«.. 

'  46.01 

49.20 

a  Honey  mead  Brook  rrcord. 
h  Wappintferrt  FallH  re<'ord. 

T.\BI.E  No.  76. — Record  (tf  precipitation  at  Mount  Morris  for  the  water  yearn  1890 

to  180S,  inclusive. 


Month. 

1 

1890.         1891. 

..' rii.a-) 

a  l.W' 

2.88 

2  «.« 

a  2. 14 

n  2. 45 

a0.6:{ 

t».64 

4.JK» 

ISWI. 

a  0.  H\ 
a  0.  55 
a  2. 84i 
ri  2.  62 
:i.«i8 
5.62 

15. 5l> 

0.87 
1.97 
.5.211 

8.01 

~  2.95" 
1.88 
1.10 

18JM.    j    189.5.    '    1896. 

1897.       1898. 

Mean. 

December 

January 

Pebruarv 

2.0(»      />2.54 

2.r>8  '  /,3.:n 

2.  78  '   h  1.  47 
0.97      61.5:3 

:j.i:{       162 

6.27         1.48 

18.82  1     11.95 

~2()8    ~2.67 
1.51         1.74 
2  27        :3. 41 

2  50 
2.60 
5  :35 
1.92 
0.46 
1.66 

1..50  '     1.80 
1.40,    2.80 
LOO       1.40 
2.70      0.15 
2.10,     1.80 
2.  .55  1    2.63 

March 

l.ito 

April 

May  

1.41 

1.01 

Total 

..' 10.24  i     i:j.4i8 

--'- "..""2.1^","  4.' 77' 

1.4:M      2.95        2.(r) 
2. 49  1      3. 6fi  '      5.  :M 

8.t;5  :     12.16 

..'      6.4:{        ^0.74        i.lx 

..       .5.46        1.8:11      i.:i3 

2.07         2.2:3     a  3. 27 

14.49 

'  2.82" 
4.91 
1.85 

11.25  1  10.63 

Jure 

July 

August 

2  10  1    2. 40 
2.20  a  2. 09 
0.20  1    \.?A 

Total 

.5.84J  1       7.82 

9.  .58 

4.  .50  1    9.05 



Septeailxjr 

Ocrober 

XovemWr 

4.28         1.84 
2.  .57         0.84 
0.54         2.60 

~3.9r 

1.41 
2.60 

1.01)  1    1..55 
(».60  1    :3.00 
2.20       1.74 

Total 

..      11. (W|      4.80 

.5.78 
~3ir62 

5.93 
~29..5«7 

7.:39  1      5.28 

~32ror|~25.""o5" 
1 

7.9;5 

3.84)  1    6.29 

Ye^irly  total. 

1    23.69 

:32.(e 

19.55  1  25.97 

27.44 

a  Avon 

record. 

b  Mean  ot 

Wester 

n  Plateau. 
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Table  No.  77, — Record  of  precipitation  at  Neicark  Valley  for  thii  uniter  years  1S91 

to  1SUS\  inclnmiye. 


Month. 


December  . 
January  ... 
February., 

March 

April 

May 


Hay. 


Total. 


June 

July 

AufiTUBt . 


Total.. 

September . 

October 

November . 


Total 

Yearly  total . 


iwa. 


1 3. 58 
3.4:3 

2.47 
0.57 


17.17 


«.I1 

I        4. 18 

6.47 


iwe. 


\m\. 


1894. 


I8»r>. 


\>m. 


18»7.       1898.    ;  Moan. 


4.12 
4.11 

1.16 
4.«» 
1.01 
6.96 


0.77 

2.80 

1.40 

2. 45 

*.  Hi 

2.KI 

2.70 

1.52 

3.49 

4.»S3 

6.66 

6.50 

21.96 

'  4.'38" 
4.24 
6.06 


16.76  I       14.68 


1.47  I 
4.75 
3.44  ' 

9.66 


4:3.59 


1.64 
1.84 

2.88 

6.:i6 
~4"U)rr 


17.88 

T.76 
4.U> 
5.17 


2.U9  . 
2.67  I 

o.;8  I 

1.07 
2.70 
3.2:3 


20. 70  '      12. 54  I 


2.4:3 
1.30 
4.55 
3.98 

o.:3» 

2.95 


4. 84 
3.01 
2.21 


2.50  , 
:3.38 
4.13  I 


15.60 

'3.06 
5.71 
1.08 


1.22, 
1.25  • 
1.34  : 
2.74  I 
:3.(ft< 
4.01  I 


2.85  1. 

4.04  '. 

2.04  1. 

2.2W  I. 

3.72  !. 

5.48  ■. 


13.64  I    20.39 

'  3.81  f  :3.'27' 
4.43  ,  3.62  i 
3. 71  I      8. 18  ' 


10.9:3 

2.68 
0. 75 


9.:39 
T38.20 


9.56  I      10.10  I  9.79  I    11.95  |     15.07 

5706    ~  2.13  I  3^24"  ~4r7r|~~2. 3:3 

6.42  1.14  4.26  I      0.30        6.(H»  . 

:i.23  2.49  :  2.21  |      3.82  |      ;3.11 


1:3.70  I 
~  4:3. 96 


5.76 
"28740 


9.71 
^35710 


8.89  I    12.13    

:34r*8  l~47.~59  I      V»^ 


a  Waverly  rword. 


Table  No.  78, — Hccortl  nf  precipitation  at  New  Lisbon  for  the  irater  years  JS'Jl  to 

JS!fS,  incluHive, 


Month. 


December  . 
January  ... 
February.. 

March 

April 


Api 
Ma; 


ay. 


Total. 


June 

July 

August  . 


lotal... 


September. 

October 

November . 


Total 

Yearly  total . 


1891. 


1892. 


M3.97 

4.78 

4.11 

4.40 

3.50 

1.50 

2.09 

;).44 

L89 

1.25 

2.50 

7.27 

18.12 

3.72 
4.tf3 
5.59 

13.  W  I 

~T39 
3.26 
2.55 

~7.H7 

"39726 


1.00 
1.65 
4.86 
2.12 

:3.3i» 

4.90 


22.64  I      17.8:3 


3.86 
6.23 
8.70 


1.97 
5.13 

8.38 


1«U. 


1895. 


2.:J8  I 
2.13  I 
1.75  I 
1.441  I 
1.50 
4.82  I 


1.92 
2.(H 
1.98 
1.41 
3.21 
2.50 


IMN). 


4.04 
0.84J 
4.31 
3.96 
0.80 
2.42 


1897. 


0.95 
1.14 
1.53 
2.00 
2.63 
4.40 


13.98  j      1:3. 05  I      16.:39  !     13  55 


3.88  I 

2.13 

2.04 


2.0O  I 

2.5:3 

5.76 


3.77  j 
5. 12  1 
2.45  ! 


4.10 
5.5K 
3.17 


18MH.      Mean. 


4.20  ' 

4.:r7  I 

2. 13 
1.68 
2.77 
3.i»2 

19.(17  I 

~3.04 
6.50 

7.:J8 


18.79 

2!  76  I 
1.61 
3.<E3  I 


15.48  i 

4.06  , 
1.25  I 
0.95 


8.06 

5774^ 
4.67 
2. 00 


10.29  I      ll.:34  I     12.85  1    16.{r2 


2.16 
1.45 

2.98 


8.00  I        6.25 


49.43         :W.56  i 


12.41  I 
I4744  I 


6.50 
~29.9C3 


5.07  1  :3.19,  4.95 
2.OIH  0.73  7.19 
2.96  !      4.04        3.64 


10.12  I      7.96  I    1.').78 
":37785~l~34736'|~6i777 


:W.58 


n  Mean  of — 

Coop<*r8town . 
Oxford 


4.33 
:3.61 


II.  Doi;.  141^- 


47 


2)_7J*4 
3.97 
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Table  No,  79. — Record  of  precipitation  at  North  Hammond  for  certain  water 
years t  as  indicated,  frotn  1866  to  1898^  inchisive. 


Month. 


December  . 
January  . . 
February . 

March 

April 

May  


Total. 


June  ... 
July.... 
August 


Total. 

September. 

October 

November . 


Total 

Yearly  total  . 


Month. 


December  . 
January  . 
February . 

March 

April 

May  


Total 


June  ... 

Juiy 

August. 


Total. 

September. 
October.... 
November . 


Total 

Yearly  total  . 


\m\. 


a2.65  I 
1.55  I 
3.49 
4.5a 
:J.07  ' 


mj:. 

iSrtH. 

6.11 

2.1H 

3.a6 

1.5K 

4.53 

i.a* 

l.-Vi  1 

3.W 

5.«0  i 

o.w 

K.OI)  > 

5. 117 

IHHP. 


I.IC 
3.4<) 
4. 90 
l.W 
0.95 
3.85 


1H70. 


17.35  {      39.15  1      16.30  I      16.03 


8.74;        1.3:^; 
3.21  4.17  1 

9.63  I        3.45  1 


31.58 


8.95 


10.44:     1.10 

4.14  1        5.08 
6.78  !        3.17 


o.nj  1 

1.00 
1.55  I 

"3.'37"| 


3.10 
1.54 
1.74 


5.60 
1.59 
6.37 


31.36  I        9.a5  I 
"'60.39  ."~477«~| 


1H91. 


l«tt. 


13.56 


\m\. 


6.38 

5.30 
7.24 
3.77 


16.31 


38.: 


4.60 
5.94 
3.  II 
3. 75  . 
0.65 
rfl.Ol 


1S71. 


3.50 
1.39 
3.54 
5.37 
4.60 
2.19 


18.06 

0.97 
1.27 
3.06 


4.30 


3. 13 
6.73 
3.14 


18.59 


4.33 
3.21 


9.33 


0.69 

dl.63 

3.01 


1W)4. 


11.99  |_ 

~  :m.35  j" 

iHP.'i. 


5.3:) 

~33.1i4~ 


1873.    ;    1889. 


3.31 
3.57 
3.75 


62.68 
3.64 
1.01 

cO.91 
2.17 
2.36 


1890. 


4.11 
3.27 
4.38 
1.81 
1.78 
3.50 


11.76  I 


18.94 


7.36  ;  3.12 
4.08  ,  3.78 
1.78  I       3,63 


9.53 


13.32  ' 


3.48 
3.49 
3.11 


9.08 
~34!o«^ 


3.66 
e2.29 

2.85 


8.80 
3i\27 


l«*i. 


1.75 

3.35 

0.95 

3.53 

/3.47 

3.20 

2.58 

3.38 

3.80 

3.58 

3.04 

•  1.34 

\.<\ 

0.93 

1.18 

5.08 

3.05  < 

0.98 

2.68 

1.41 

1.80 

1.80 

3.53 

1.31 

2.70 

1.04 

4.34 

6.03 

4.07 

1.41 

15.91 

15.35  1 

15.59  ; 

15.31 

13. 75 

1  i*& 

8.25  ! 

l.W  ( 

3.:J5  1 

0.69 

6.36 

4.31  1 

y3.33  , 

3.a3 

2.M 

5. 18 

11.78 

6.75' 

1.08 

3.48 

4.73 
1.06 
3.30  , 
3.:J4  ' 

i.:o  i 

2.78  ■ 

16.43 

~3.~36" 
3.43 
4.06 


1897.    I  1898.      Mean. 

l.Ctt  I      3.51    

1.47  I      3.57    

i.ai 

4.83  2.08 

2.57  1.44 

3.91  3.08 


13.36 

~  ll8  ' 
3.08  . 
2.33  I 


34.34 

1.39 
3.74 


I      13.00  I 


8.31 


7.11  I        8.85 


y3.50 

yl.OO 

2.36 


3. 92  2. 70  . 

5.31  0.76  ; 

2.01  5.48 


8.38  1        5.76  I      10.24 


4. 50 
1.35 
2.31 


8.94  I 


8.16 


35.16  I      47.97  i      33..')8  ,      33.86  • 


29.80  1      33.44 


15.14 

"3^98^ 
4.:0 
3.19 


9.44 


1.70 
0.78 
4.01 


6.49 


31.07 


14.4;) 

~2.b3~ 
0.68 
5.06 


7.77    


4.41 
4.42 
1.53 


10.36  . 


32.56        37.23 


a  Mean  of— 

Theresa 3.81 

Gouvemeur 3. 5<) 

3)5.31 
3.65 


/>  Moan  of— 

Utica 3.12 

Palermo 2.26 


c  Canton  record. 


e  Moan  of — 

Dekalb  Junction. 
Canton 


</Oouverneur  record. 


3.30 
.  2.28 


8)5.87 
2.68 


/Mean  of— 

Dekalb  Junction 1.90 

Canton 2.86 

Ogdensborg 2.69 

2)^94 


2)4._58 
-».39 
y  Mean  of  — 

Dekalb  Junction 6.44    3.13    1.88 

Ogdensburg 1.20    1.88    0.83 

3)6!64    6^    LW 
3.32    2.60    l.dO 
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Table  Na  80, — Record  i)f  precipitation  at  North  Volney  for  the  icater  years  1S72 

to  lifSO,  incJuifii*e. 


Month. 

1872. 

187:J. 

1874. 

1875. 

1876. 

1877. 



3.05 

1878. 

1H79. 

December 

2.t55 
2.90 
1.05 
6. 97 
2.75 
2.00 

3.00 
6.06 
3.07 
2.90 
3.65 
1.H5 

1.95 
2.35 
2.55 
2.20 
2.95 
2.20 

1.80 

1.90 
3.80 
3.20 
2.75 
2.96 
3.15 

8.35 

Janoftry 

4.25            2.60 
4.70          o.;» 
3.30            3.80 
2.05            1.45 
1.10  1         1.15 

2.80 

FebmAry 

2.80 

March 

2.00 

April 

0.66 

^.::::::::::::::::  "::::: 

1.66 

Total 

18.92 

2.00 
5.40 
2.90 

20.52 

~    5.55 

7.80 
0.95 

14.20 

3^30 
2  25 

1.40 

17. 2r)          12. 35 

17.75 

3.50 
2.85 
4.76 

18.25 

. 

Jane    . . 

2.45 
3.90 
0.75 

2.90 
5.25 
2.80 

8.72 

Jviy 

Aaffust 

3.33 
1.13 

2.90 
2.66 

Total 

10. ;» 

2^90' 
5.94 
3.50 

14.30 

~3735 
3.10 
3.45 

6.95 

4.^ 
3.25 

2.70 

7.10!        10.95 

11.10 

2.20 
6.80 
5.05 

9.27 

September 

October 

November 

3.66 
6.20 
2.38 

4.65            2.70 
3.80            2.75 
3.85  1         4.10 

2.63 
1.85 
6.60 

ToUl 

13.24 

12.34 

9.80 

10.20 

12.30  1         9.55 

13.05 

10.08 

Yearly  total... 

" 

41.56 
1881. 

44.tI2 

31.35 

36.60  i        32.85 

41.90 

37.80 

Month. 

1880. 

1882. 

1883. 

1884. 

1885. 

1886. 

3.65 
4.45 
2.25 
3.25 
2.15 

M.»an. 

December 

3.70 
2.30 
2.60 
2.85 
2.30 
2.75 

2.00 
2.35 
3.30 
2.70 
1.20 
2.20 

5.80 
2.70 
2.70 
3.12 
1.80 
3.55 

3.35 
2.35 
3.10 
2.15 
1.60 
6.70 

2.85 
3.70 
3.25 
3.90 
0.80 
1.85 

3.50 
3.15 
2.20 
0.90 
2.40 
2.70 

January 

February 

March 

AS?V.:::::::::::.:. 

Total 

16.50 

13.75 

19.67 

1.00 
2.95 

19.25 

4.55 
3.95 
1.50 

16.35 

14.85 





June 

2.35 
3.15 
4.55 

2.60 

2.90 

al.84 

1.15 
2.50 
3.20 

3.05 

4.:« 

2.20 

July    

August 

Total 

10.06 

7.34 

7.28 

10. «» 
~2.^ 

2.a5 

4.00 

6.85 

2. 20 
3.22 
2.65 

9.60 

3.30 
3.70 
2.95 





September 

October 

November 

1.70 
3.90 
5.65 

1.42 
4.15 
2.80 

2.75 
1.20 
1.45 





Total 

11.25 

8.37 

5.40 

8.90 

8.07 

9.95 
34.40 

Yearly  total... 

37.80 

29.46 

32.  a5 

38.15 

31.27 

36.15 

aMea 
Os 
Pa 

QOf- 

wego 

lermo . . . 

2)~ 

1.60 
1.99 

^68 

iTsi 

740 
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Table  No.  81. — Record  of  precipitation  at  Number  Four  for  the  trater  t,ears  lfs\S9 

to  JS98y  incln8iv>€. 


Month. 


December  

January 

February  

Maroh 

April 

May 

Total 

June 

July 

August 

Total.. 

September 

October  

November 

Total 

Yearly  total 


1889. 


«2.68 
7.09 
5.42 
2.41 
2.38 
3.10 


23.08 


8.49 
6.08 
3.80 


1890. 

1891. 

4.26 

3.32 

6.64 

4.05 

4.49 

3.67 

3.24 

3.62 

2.96 

2.36 

7.98 

1.57 

I89;i.    I  1894.    j  1«*5.      IfeW.      1897. 


3.28 
2.46 
2.44 
2.27 
3.98 
6.30 


29.67     18.49     25.36     30.7:i 


4.57 
6.58  j 
3.37  j 
3.24  I 

1.77 ; 

5.8:1  ! 


5.92 

3.10 

5.32 

2.59 

3.87 

4.78 

3.04 

3.15 

3.43 

2.57 

7.93 

3.21 

3.4<» 

2.69 

6  55 

4.36 

1.89 

2.79 

1.84 

3.98 

4.43 

3.17 

2.16 

3.99 

23.91 

19.00 

26.84 

21.  D! 

4.01 

,    4.98 

6.29 


3.23  ;  5.84  b.m 
8.46  5.91  4.27 
4.12      9.a)      6.6:3 


4.60  I 

2.55 

1.09 


2.46 
4.15 
5.82 


2.81 
7.05 
3.47 


17.31"   15.23  i  15.81  |  20.25     16.93  |    8.24  i  12. 43  I  13.33^   L5.72 


4.29 
6.46 
4.97 


3.65 
4.30 
5  36 


I  8.46 

I  3.66 

4.24 


2.21 
3.52 

4.84 


4.06  5  46  I  5.57  6.42  5.01 
3.47  I  2.55  6.70  2.46  I  3.44 
6.06  I  3.60  1  2.70  ,  6.30   4.75 


I  10.57  I  13.59  I  11.61  I  14.97  I  16.27  i  13.20 

1 


3.37 
2.38 
6.45 


12.30 


44. 87  I  69  30  ,  48. 27  I  46. 12  ,  46. 70     5.J.:?7     49.04 


1898.    Mean. 


4.60  . 
5.55  . 
3.12  . 
2.14  I 
3.27  I. 
3.71  L 


2.77 
2.19 
6.60 


11.63 


5.17  ! 
6.78  '. 
8.49  I. 


15.44 


49.35  I    51.17 


a  Mean  of — 

Utica 3.12 

Palermo 2.25 

2^517 
2.68 


Table  No.  82. — Reayrd  of  precipitation  at  Oneida  for  certain  irater  yearn,  an  iudi- 
cated.frovi  1S63  to  1878,  inciusit*e. 


^  Month. 

186:i. 

1864. 

18«W>. 

I8f4}. 

3.72 
1.80 
5.2ti 
2.97 
1  72 
4.37 

1867. 

3.70 
2.65 
1.00 
a  3. 63 
7.39 
12.61 

1H68. 

1869. 

1870. 

D©cdnlK*r           .   .  -  - 

' 

4.16 
3.8f» 
3.36 
2.82 
6.36 
5.40 

3.:. 

4.80 
2.50 
4.W» 
3.99 
10.05 

4.00 
3.93 
4.41 
3.46 
4.34 
6.69 

4.82 

January  ,          

3.48 
2.35 
3.70 
3.37 





2.39 

February          

6.60 

Mi^r^H 

8.40 

Anril                

2.44 

SSy. :::::: :::::::::: 

3.86 

Total 

35.80 

19.84 

"l0."48 
5.  78 
7.05 

:*).98 

29.38 

25.82 

22.01 

June 

3.18 
8.80 
12.  ?3 

7.08 
12.63 
12.53 

5.58 
6.21 
1.58 

7.43 
5.96 
5. 15 

6.83 
6.97 
6.60 

9.66 
13.14 
5.95 

4.59 

July                 

6.73 

August 

14.40 

Total 

24.71 

32.14 

13.37 

9.16 
7.84 
6.23 

23.31 

9.oir 

3.(J8 

7.:i6 

18.54 

5.67 
4.12 
2.93 

19.40 

27:75 

25.72 

HAT>tdAfnV>f>r 

10.70 
2.47 
10.64 

5.14 

8.93 

a  4. 18 

7.20 

October 

7.11 

a  5. 06 

November         

a  8. 06 

Total 

23.23 

19.52 

12.  ?3 

23.81 

18.35 

16.31 

Yearly  total  . 

62.40 

62.67 

62.34 

72.59 

7L83 

6:).  04 

a  Mean  of-- 

South  Trenton. 

OBwego.  

Palermo 

...  5.J0 
...  2.66 
..  2.96 

6.61 
3.93 
2.00 

8.00 
4.98 
2.20 

8.39 
2.76 
3.00 

4  76 
4.01 
2.90 

3)1090 
3.63 

12.64 

4.18 

15  18 
5.06 

9.14 
3.  (>"> 

11.67 
3.89 
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T.vBLK  No.  82. — Record  for  precipitation  at  Oneida  for  certain  voter  years,  a»  iyuJi- 
cated,  from  /,sv;.?  to  i<v;.s%  inclumve — Continued. 


Month. 


De<;ember. 
January . . . 
February  . 

March 

April 

May 


Total . 


.Tune 

July..-. 
AuioiAt . 


Total  . 

September . 

October 

Noveml)er  . 


Total 

Yearly  total 


1871. 


in 

l.i»r> 

fi.V) : 
T.n  . 

4  1:;. 

K.  ri . 

4. 4!l    . 

r>.  41)  I . 

IS.iK  1. 


:j.  7» 


n.  !C 

H.  JHi 
11.01 
li.  41> 

4.»Wi 


45.itt 
12.»>1 

5.  :m 


1.71 

;j.4« 
11.  (tt ' 

54.757" 


a.iw 
4.:fc> 

13.  »w 

S7  (rj 


lH7rt. 


1H7: 


1878. 


Mean. 


:M4 
3. 8.'^ 


4.17 


10. 2() 
1».78 
5. 41 
4.17 

"w.TTi 


7.50  <i;j.8» 
o.:fi»  >  0.57 
7. 48  I         2. 42  I 

L»1.43|  12.88  I 

~o.'4i)  I        7.:«  f 
8.45  :J.:U 
'         2.20  I 

■^7r:i^2^r 

......  02.46 

I 


5.70 

4.8() 

2.00 
4.72 



1.00 

;{.  ly 

2.73 
2.77 

20. 1» 

, 

:j.  70 

—    : 

7.:m 

5.(»5 

10.17 

1 

a.  15 

6.74 

r:..:::..:|...;:...: 

4.(HJ 

1 

~ 

12.  U8 

. 

4v».:w  I 


r»4. 8.1 


T.vHLK  No.  y:j. — Record  of  precipitation  at  Onondatja  Hol1(nr  far  certain  voter 
years,  as  indicated,  from  /.s?'*"  to  IS'f.'f,  incinsire. 


Month. 


1x20.    I    1^ 


December . 
January... 
February.. 
March  . 


April 2. 

May I      0. 


1.1«  , 
4 .  80 
2.H!)  . 

2.:i2 
2.(k')  I 


1.55 
1.42 
1.10 
1.25 
0.54 


l.Sl 

:».2»i 
0.51  I 

o.:{»  I 

1.04 
l.:» 


1*J0. 


1.14 


Total 14.2.5  1    18.fi5  I      (♦.40  |      S*.30  I. 


June.-.. 
July--.. 
August . 


Total . 

8eptember  . 
October  . . . . 
November  . 


Total 

Yearly  total . 


4. 

1. 
0. 

0. 

1. 

0. 
"2*5. 


24  1 

M  ! 

J»t» 
01  I 
20 

m 


4.20 
1.81 
1.75 


1.07  I  4.46  j 
10.2:)  I  5.00  1 
0.05  '      2.30  I 

18.85  ■  11.70 


l.:>8  . 

4.»7 

loj)f  ~ 

.{0.42 


3.6:{  I 
3. 15  I 
2.40 

9.27 

";)7.01  I 


2.48  .. 
2.13  '.. 
2.01      . 

0.»i2     - 

27. »W  ... 


ls:{2. 


/»2.00 
1.22 
1.44  I 

0.54  I 
0. 85 
1.80 


2.00 

1.08 

1.43  ! 

2.28 

2.08 

4.73 


7. 5»7  I    1 4.  ",0  : 


18.'W.    I  1s:k.      KW, 

_l      

I     ■         :     '■"■' 
l.m  :r2.02  i 

O.J«  ! 

1.4:3 

1.31 

-!     4.28  , 
1.07  I 


■| 


o.m 

6.20 
2.07 
0.53 
1.48 
0.73 


3.08  ; 
2.W 

H.28 

~2!"l«  . 
2!  TO 


I 


27.;v» 


2.05  I 

3.48 
1.5.5 

7.08 

~  3.2r)  I 
1.84 
l.:«  I 

0.42  ; 


-I  ll.JH  18.04 

-i"  o.iw  4751 

.1    2.71  1.10 

.;    5.0i>  1.JI8 

-i  14.(0  i  7.5f 


I     l.W         3.2:, 

3.27        3.57 

I    2.31         1.97 

I    7.  .54         8.79 

;«.51  !"lw!42 


a  Mean  of  all  Deccmliers. 
b  Mean  of  -- 

Cazenovia 

Utica 


•  3Iean  of 
Cazenovia. 

rtica 

Auburn ... 


2.:W 

1.89 
1.88 


k_LJ 
!.0« 


3)0.07 
2.02 
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Table  No.  83. — Record  of  precipitation  at  OnorucUvga  Hollo%r>  for  certain  crater 
yearsy  as  indicated,  from,  ISJO  to  1.^44^  incluftive — Continued. 


Month. 


December 
Jannary  .. 
Febmary 

March 

April 

May 


Total. 


June 

July 

Aiiini>*t  . 


September 
O'tol»er.... 
Novemlwr . 

Total 


im?. 


1H4;{.   ,    1844.      Mean, 


0.87 

i.ao  I 
2. 13 
2.01 


1.14 
0.71 
0.77 
0.61 
1.50 
5.  H7 


9.6t;  I      10.60 


4.  lift  I 

4.29 
4.41 


3.75  I 


O.M 
2.«J 
1.25 
1.53 
2.2i; 

4.81  ! 

13.«52  ! 

3.82  , 
3.05 
3.11  ' 


4.(e 

l.«5 
1.24 
2.71 
2.54 
2.a5 


2.2!» 
0. 4ft 
2. 42 

2.:i 

2.ni 


15. 81  12  51 

3.47  2^^ 

3.82'  3.13  1 

4.31  l.(K)  I 


Total I      13.6IJ  .       10.8*5  i        0.98  |       11.60'        6.7:J 


Yearly  total . 


2.;w 

4.25 
2.152  I 

9.2;^  I 

':ti.58 


2.17 
4.4;) 
2. 65 


;«).  71 


1.80  ; 
0.92 
2.97  I 

5.tK» 

2J».a) 


4.(0  1.88  I 

3.2:j        i.:e  I 

1.81  4.10 


2.49 
1.04 

1.80  , 
1.87  1 
1.76 
1.65  ' 

10.61  ' 

3.:«» 

5. 13 
2.54 

10.97  I 

5.11  I 
3.87 
3.94  I 


2.59 

1.83 

2.40 

l..Y> 

2.37 

0.43 

4.24 

1.70 

1.78 

1.56 

1.73 

5.08 

1.5.11 

11.9.5 

3.W 

'  '*.m 

— 

2.10 

2.06 

1.90 

2.77 

7.09 

7.4.3 

l."h2  ■ 

5.015 

5.19 

r,M 

2.72 

1.27  . 

!        9.07  7.:*).      12.92  1    12.97  I      8.47    

I      3»5. 48         26. 54  .      M  5! «   ~:V).  17  1    27.85^       31  .te 


Tahlk  No.  84. — lienn-tl  nf  pnripitatiifn  at  Osn*i>ijo  fnr  irrtain  tcttfvr  years,  as  indi- 
vati'd^frnin  JS.y'f  to  /.sV'.v,  inclnsin'. 


Month. 

1844. 

a2.(^ 
1.43 
0. 19 
1.54 
1.40 
3.74 

10.  :w 

~8.20 
1.42 
6. 50 

0.54 
4.8J* 
l.iti 

6.45 

1845. 

3.  71 
3.nl 
2.68 
0. 85 
2.48 
2.3J» 

15712" 

4.  73 

1.5S 
a0..38 

6.6!» 

'  3.  t«~ 
5.<50 
2.65 

i84i;. 

3.  tV2 
2.:J0 
2.9:i 
1.5;-» 
1.2ft 
1.82 

13.51 

l.-'ftT 

1849. 

/>3.88 
1.16 
1.15 
2.62 
1.65 
3.00 

13.  46 

1.6»5 
O.tM* 
1.61 

1850.      l.N-,I. 

1K52. 

iKVi. 

I8r4. 

1855. 

lK-,6. 

December 

Jannary  

February  

March 

April 

May 

2.09 
1.6S 
1.08 

o.;j7 
3.:«« 

3.«>4 

2.fti) 
2.61 
2.31 
3.97 
l.ftl 
1.31 

4.41 
2.76 
2.14 
3  66 
0.68 
0.86 

4.<i9 
1.17 
4.12 
0.89 
3.(H 
2.01 

15.  ij' 

"  0. 72' 
0. 13 

1.69 
1.90 
1.82 
1.21) 
0.70 
0.72 

1.47 
4.H5 
2.90 
1.50 
2.(e 
2.08 

Totiil  

ll.»i5     l.VOl 

2.<«       2.55 
6.ir9      2.:J7 
1.25      l.:i2 

ft.  .37  1    6.24 

2. 40"  ~  1. 74 
5. 5ft       2. 48 
4.^1       4  ft7 

12.  80       ft.  1ft 

;«.82     a).  44 

4.06 
1.18 

o.r.3 

~5^77 

8.03 

14.92 

June 

July 

Au(nist 



3.») 
5.30 
165 

1.71 
3.64 
2.12 

Total 

:""= 

3.9«5 

""2.^5 
6. :«) 
2. 77 

10.45 

2.  <e 

3.40 
2.35 

7  47 

Septemb«.T 

(>ct/>ber 

November 

3  31 
4.80 

4  47 

12.  .^»8 

....... 

'6.82* 
1.09 

■"6.40 

1.50 

C2.66 

Total 

11.88 

11. :« 



7.67 

10.  .-.6 

Yearly  total  . . 

.•«.t59 

~:>r75 

32.86 
Man<.n 

...^ 

26. 15 

33.95 

a  Mean  of — 

Mexico 

SarkettR  Harbor 

..  2.10 
..  2A*\ 

2)4.16 
2.08 

0.20 
0.57 

077 
0.:J8 

cMean  of  - 
Palermo 
Pierpont 

..  3.30 
..  2.03 

2)575 
3.66 

b  Mexico  record. 
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Table  No.  84. — Record  of  precipitation  at  Onieego  for  certain  wxiter  years^  cw 
indicated,  from  IS44  to  J6V8,  i/K'/M^nv'— Continued. 


Month. 


D«)oemljer  . 
January  . . . 
February . . 

March 

April 

May 


Total - 


1N57.       IKV*. 


r>.  54 
2.98 

1.7« 
4.35 


INW.       1H»H).    ;    1H61. 


I8ft2.       IVAi.      1MV4.   !   Itm.  I   iMtfic   I 


1M«7. 


«.41    cr.S.37 
2.99 


7.W  I 
7.(W 
4.1M)  ! 


1. 

3. 
3.85  I  3. 
4.M  .  5. 
4. 74  I  2. 
5.95      3. 


2.75  , 

3.75 

4.24 

2.83 

4.85 

3.fll 

4.85 

3.95 

1.14 

4.26 

2.W 

3.01 

3.61 

2.85 

8.32 

2.82 

3.16 

4.86 

2.31 

2.65 

6.25 

4.27 

8.58 

3.33 

3.62 

5.(K) 

6.73 

2.61) 

2.88 

6.67 

June 

July 1.57 

AuKQHt 5. 28 


3.15 
5.9:> 
3. 21 


Total I  12.31 


25.10     21).  3:j     23.2:1     25.77  I  22.84  |  15.34  |    26.27 
3. 


2. 2() 
7.«H  I    5. 
1.65  '■    2. 


4.(K) 

0.88 

5.95 

4.*: 

1.(10 

2.a') 

5.2.-. 

6.tW 

1.13 

4.81  1 

1.41 

2.:«  1 

1.94 

3.73 

2.63 

11.54  '  11.12     13. «)       8.54  I    9.43     10.87 


...   I     1.98    . 

..       4.60  ,. 

Novf5ml>er 5. 61  j . 


8epteinl)er. 
October . 


S.m  ' I    «.8t5  I    3. 

2.31  i .1    6.W    rt4. 

3.ivr,     2.01       3. 


Total.     

Yearly  total . 


12.19    ... 


. !  15. 17 

Tfni.Hi" 


70  ' 

96 

HO 

"ill" 


4.45  I 
5.48  ' 
8.40 

18. :«  , 

55!  16 


1.8:^'   3.:Ji»     5.31 


5.?2  I    6.32 
4.44       2.84 


11.99  I  12.46 


46.  W)     44.73     41.21 


3.77 
5.ir2 


5.88 

2719 
1.S8 
1.67 


15.00 


5.14 
36729 


Month. 


ItH'^.       I8«i9. 


December 
January 


3.78  , 
5.49 


Februar>- 2..'J5  | 

March 

April 

May 


3.40 
1.53 

3.;{r> 


Total 19.90 


June 

July 

AugUHt  . 


3.14 
3. 13 


5.  l-.» 
2.30 
4.50 
4.10 
2.0J) 
2.08 

20.10 

3.Jr2 

6.67 
4.21 


ToUl I    8.20  I  14.80 


September  4.71 

Octolier 0  1»2 

November 7.44 


3.65 
5.10 
3.93 


ToUl 

Yearly  total . 


13.07  I  12.08 
41.17  ,l7..'i8 


1H70. 


4.tW) 
3.28 
1.98 
2.92 
1.38 
O.KJ 


14.99 

2.'i5 

4.72 

3.ri0 


1871. 


3.33 
2.15 
1.68 
2.94 
3.24 
1.32 


10.  in- 

'2728 
4.98 
2.75 


14.66 

~"2.2i7 

2.88 
5.92 


11.00 

l.(N) 
1.44 
2.96 


10.01  I 
3'k37 


5. 40 
3T0O 


1872.   I   187:J.   I   1S74.   ,   1H7.'».  :  187»;.      18: 


1.30 
1.48 
1.18 
2.4.1 
1.44 
2.72 


1.07 

i.jr. 

0.28 
5.47 
2.62  I 
1.41 


3.34 

5.ttO  I 
l.W* 
1.64  I 
2.26 
2.08  I 


1878. 


1.44  1.62 

2.40  I  3.91  , 

1.84  ;  4.51 

l.:J4  3.<I8  I 

2.(«  I  2.61 

3.38  1.22 


i.ie 

2.31  j 
0.22 
4.48 
1.66  I 
0.54 


2.34 
4.16 
2.98 
4.06 
3.42 
3.69 


10.5.'i  I  12.20  i  16.81  1  12.48  |  16.95  |  10.2:j  I    30.64 


4.48 

1.84 
0.71 


1.91 
3.71  I 
2.46  I 


4.98 
7.62 
0.29 


'.(«       8.08  I  12.  W) 


3.0CI 

4.01 

3.33 

3.28 

3.43 

3.30 

5.89 

3.91 

2.46 

0.45 

2.19 

4.41 

8.92 


.76  I  11.41  I    11.60 


2.44 
5.91 
1.91 


2.:w 

6.57  : 

1.78 


3. 19  I 
1.89  ' 


10.26  I 

27.Hr 


10.74  i 

ai-TeT 


:_-i3j 


II  Mean  nf- 

Palermo 4.20  7.1*0 

Pifn>ont  Manor 2.9»l  3.26 

SaokettM  Harl»or 2. 96  3.  ?2 

3)10J2  14.88 

3.37  4.96 


4.23  ■    4.13  ,    2.83  , 
3.04  I    3.41       2.:i7 
2.56  I    2.55  i    4.m  | 

9.8:)  i  10.09  '•■    9.24  I 

3r2?T:i4."H0~  "30788  | 


2.62 
7.55 
5.27 


15.44 
47.68 
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Tablk  No.  84. — Record  of  precipitation   at  Onirt^gn  for  certain  UHtter  years,  as 
indicaiedt  frmn  JS44  to  lS!t.s\  i nclnsi re— Contmued, 


Month. 


De<»ml»er  ... 

Jauuary  

February 

March 

April 

May 


Total. 


Jnnu 

July 

AutiniHt  .. 


1879. 


10.40 
1.51) 
2.92 
2.54 

0.83 
1.90 


21).  29 


3.49 
•A. .% 
3.51 


1880. 


5.W 
3.09 
4.81 
4.17 
2.28 
4.00 


IMHI.       1882.       1S«J.       ISH4.       lS8:>.       IHSO.       1M87.       l-SSS.    I   1?%«). 


4.24 
4.15 
4.74 
5.06 
1.19 
2.41 


rt.78 

3.3i»  I 

3.2K  I 

2.0s  I 

4.8.-}  I 


4.00 
I.IH 
2.7rt 
0.H4 
l.W 
7.(H 


4.0K 
0.49 
*^98 
3.81 
O.W 
2.3!» 


2.61 
2.(12  ; 
1.22 
0.48 
l.Htl 
3.:^7  ■ 


3..'<7 
3.2!» 
2. 19 
3. 73 
3.  m 
1.112 


2.3;j 

0.92 
3.48 
1.21 
!.:> 
l.Ui 


2.28 
2.01 
1.02 
1.79 
2.0!» 
1.50 


1 


24.39 

3.27  i 
1.74  I 


21.81 

2. 98 
1.73 
1.09 


18. (»     20.tSj     11.50     18.00  '  10. .55     ll.:{5 


Total i  10.50  I    8.20 


Se)>t<Mnl>er 

OctoWr 

Nov**ml)er 


Tt»tal 

Yearly  total  . 


Month. 


2.95  l.'il 

1.07  4.:t; 

5.(W  I  ii.45 

'  12.28 


10.26 

41.11      44.94 


IHIMJ. 


?:i5i 

3.00  I 

v.9:i 


4.58 
3.21 
2.  Hi 


1.48  ■    3.94       l.W  , 
1.90       4.89       4.24 
1.71       2.37      2.58 


1.82 
1.09  ' 


2.01) 
2.:fc.»  I 


2.21 
i.S> 

2  17 
O..V> 
2.85 
1.01 

13  CA 

9.81 

3.<e 

l.itt 


0.70  2.42 
4.01  0.50 
3.13:     2.40 


8.50     5.:t» 


9.95  .    5.09  I  11.20  • 


.85  .    0.23  ,    9.48       13.85 


2.:t>  , 

1.94 


l.jr,' 

3.21 


3.  ({2       4.:)0 

3.;e  i  2.12 


3.02  I    2.09       2.17       4.07 


1.91 
2.:{9 
2.38 


'.28 


;jo.7i  I 


37.98  I  35.31 


9. 12  I  10. 49 

:  :t'.m    31.88    irfin) 


I 


0.08 
23.^ 


3.24  . 
3.52  I 

12."03  1' 


2.52 
3.57 
5.4:j 

11752 


18»1.        18J)2.    ■    l8lKi         If^M. 


181i5. 


18«7, 


181IS.     Mean. 


4.00 
2. 10 
2.2S» 
1.74 

0.88 
4.12 


Decemtier 3.:»)  l.o:{ 

January 4.4»i  3.ol 

February 3.25  2.81 

March 1.85  4.15 

April ;  2.10  !.«.'< 

May I  4.01  1.08 

Total I  10.  IW 

Juno 2. 4:J  I.5h 

July 4.18  4.10  ■ 

AuKOst 2  19  2.11 

Tt»tul 7.8<i  7.79       1.5.  :I3 

SepU»mbor I  O.ici  1.28            ~ 

<Vtober |  4.04  2.89 

Novenilwr 4.13  2.Wi 

Total 15.10  «.s:j 

Yearly  total  .  42.:;j  2s.'ii8 


1.5:{ 
2.015 
2.11 
1.2:J 
3.17 
4.>i 


3.84 
3. 24 
3.lr2 
1.95 
1.94 
4.  m 


3  14 
2.i>4 

2.:)ii  i 
l.m 

2.07 
3.2;-. 


5.  Si 
2.1^4 
4.00 
4.79 
l.Oli 
2.40 


3. 10  I 
ti.05 
1.20  I 
4.19 
2.40  I 
2. 70 


3.00 
5. 10 
2.01 
2.08 
2.:i2 
4.14  i 


14.  .W       15.:^*       14.  in        19.55       15.00  ;     20.48       19.88     10.01     .. 


4.00 

4.:J8 


2. 20 
1.10 
0.47 


1..-I2         2.81 
2.00         2.2i> 

3.:jo      2.m 


0.82 
37;:t7 


8.»U 


3. 70 
1.8ti 
0.  w 

♦).  4H 

3.45 
4.20 

3.4,'< 

11.13 
.{7. 14 


1.20 
1.07 

3  :j8 


1.5 
5.8i) 
3.00 


0. 25       10.  M 


2  25 
2.:t0 
4.44 

9.08 

:jo7:w 


4.05 
1.45 
3. 95 

0. 4;'. 

44>..'B* 


3.5«J 

1.12 

1        3. 15 

3  2:J 



)        1.70 

3.27 



J         8.41 

7.02 

>         0.81 

4.40 

)         0.51 

5.5:J 

)         0..50 

3.:« 

.           7.88 

13.20 

»      30.17 

44).  n> 

~mM 
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Table  No.  85. — Record  oj 


Month. 


tf  precipitation  at  Qa'ford  for  certain 
medy  from  JS^*9  to  'JSO,s\  inclusive. 


wafer  years,  as  indi- 


182J».      imi      18:j1.      l,s;e.      183:i.  l  18:M.     iSlC.    1S36.    18:J7.    1H:W     18:»I.    1840. 


D*»cf»nil)er 

a  0.41       2.:»2      2.W 
;3.71  1    2.07       2.71 
2.46      0.73       1.67 
2.42  '    :3.9:j      1.21 
5.07       1.56       1.93 
l.W      :j.4:j      1.2:J 

16.(W     14.24     11  69 

:3.(«>   ~5!o4       4.:37 
:3.17       4.:.0       4.26 
:j.84       0.8«i  :    4.13 

0.94       ;j.87      1.61      2.79     0.5*)     2  67      l.r»5     l.(H       2.49 

January 

February 

March 

April 

MSy 

2.:30       1.85     0.92     2.:35 
5.81        1.65     1.2J)      l.»i8 
1.04       0.80     0.96     \.m 
1.71  i    0.:«     1.57     5.27 
1.92  1    6.15     :J.27     2.14 

1:3.72  '  U.«V->  1  9.<J2   16.16 

2.»«       2.47'  "4.73     5.72 
0.70      :im     :3.59     JJ.46 
5.38  i    :J.48     3.43     5.:3S 

5.11     2.:{9     l.t>4     4.97       2.:17 
2.4.^     1  74     1.05     1.23      8.09 
0.54     3.:30     1.14     1.74       2.80 
2.14     0.77     1.68     3.  (ft       4.20 
3.70  1  5.2:1     6.15     4.96       4.60 

Total 

June 

July 

August 

14.87   16.10  il3.:31    16.98     19.61 

5.  Hi   Tl2~  1  3. 72~  "4. 56       4. 10 
6.96     4.«18     2.86     5.2t)       3.13 
:3.04     3.37,3.70     2.12      4.45 

Total 

Beptemljer 

Octol)er 

Noveniljor 

10.01  1  10.40     12.76 

2.«9";~T.93       ;i.75 
:j.41  :    2.21       :3..52 
2.4:3  .    4.59      0.91 

8..v3  ■    8.73       8.18 

34.rt»  ":5i.:c    :t.r6;i 
1841.      1842.      1M4:J. 

2.:i5       4.27  '    :i.97 
3.78       1.80       2.50 
0.49  ;    4.431  .    2.61 
3.86  '    :i.w>  .    4.01 
4.2:3       2.97  ,    4.52 
2.02!     1.49'     l.(H 

16. 73     18.  74     18. 65 

2.42    "4.52  1    5.;fl> 
:3.13      4.20  1    :i.76 
3.90       4.9:1       4.26 

9.45     1:3.6.5  ,13.41 

~2.94    '6^96  |~  4. 41 
1.32      2.67       4.79 
4.10  1    3.58      2.12 

8.:w  '  1:3.21  ,  ll.:32 

8.71 

l.TtT 
1  W 
2.38 

9.61    11.75   14.56    15.84    12.17 

4.11  i'2.<h'  T79   ~2.iKr    2.55 
4.:w    :i.l7    5.12    4.:i>    5.13 
2.20     1.79     2.92     1.44     1.67 

10.28   11.88     11.67 

3.50     3.05      :i.39 
3.65     0.67       4  JW 
3.10     2.74       1.40 

Tetul 

Yearly  total... 

Month. 

5.64 

'28^^07 

1844. 
1.^2 

l.Hl 

0.21 

1.82 

i.:w 

6.18 
l3ul7" 

iTiui 

8.29 

:j.6i 

13^5:3 

:(.'>] 
s.rn 

2.07 
8.81 

lO.fiO  1  6.W     9.8:3     8.72  '  9.3.')   10.25 

34.ft'>  2X.:W  40.55  ,39.4:3  37.63  ':33.84 

1                       1 

1S45.     1H441.     1850.     1851.     la'd.  j  iKi!!. 

6. 46      9. 78 
357:^"   41.06 

}KM.   I8;5. 

De<-emV>er 

January 

February 

Mari'h     

1.18      1.28    4.46 

2.57    '  l.fKi 

1.22    1  5.16 

2.87    i  1.49 

2.77    1  4.28 

2.44 1  4.3«l 

-,>4 
L^  13 
1.98 
::.5H 

3,14 

43H 

2.Kt 

3.10 
3.m 
ft.  TO 

MSI       --iS 
1.97       ^\.4H 

:jil7      !.:»; 
3,Tn      1  10 

April    

MSy 

7.11       4.4;j 

Total 

l:^«»5    '20.61 

5.08  ~...:    .  r  r^Ati 

15.^ 

23.  (W 

I0.4fl  ;  IU.1K 

June  

3.Bfl 
2.n 

3.4B 

3. 10     10  tKl 

July 

August 

:j.(4 

1.61 

2.78 

iJH      5.21 
3.  OH       4.41 

Total 

9.73    

1*7  J 

ft.  56 

J*,  10 

8.*;  1  ai.&* 

September 

Octolwr    

Novomber 

4.:w 

:3.9()    2.1] 

2.30    ,  2..V1 

2  93 
1.70 
4.)<5 

:ksj 

1  IK 

7.7H 

a.  4^1 

h3.ll!    4^3rt 

9.47  ;U>,7W 

Totol    

10.44  1 

I*.  441 

inj*i      1^43 

Yearly  total... 

:«.54     45.  tM)  1  43.38 

n  Meat!  of- 

Hainilton  . .. 
Hartwick  ... 

a5.5i 

:53.22    :39.80  IfiJW 

sTTriir 

^.31)     UMIT 

0.37 

0.4-. 

2)0.82 
0.41 

/*('(K>porHtown  reconl. 
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Table  No.  85. — HecoiiJ  of  precipitation  at  Oxford  for  certain  miter  years,  as  indi- 
cated, frorn  is:u  to  JSOS,  n*o/««itv— Continued. 


Month. 


December 

Jannary 

February  

March 

April 

May 

Total   ... 

June 

July 

Au^At 


Total 


September 

Octoljer 

November 

Total  .  

Yvarly  total. 


IKV..      1857.      ]H1).      im.      1H92.     18«3.    IHW.    IHlft. 


3.56 
1.4« 
0.60 
1.37 
2.ttH 
3.57 


i.e: 


a  2. 36 

4.ai 

.1    3.73  , 

.  4.4^^  ' 
.!  3.64  I 
.    10.04 


3.61 
4.83 
4.15 
2.78 
2.44  < 

i.m  I 


5.;« 

6.47 
1.6<( 
4.87 
1.74 
9.37 


1.37 
2.57 
4.47 
2.58 
4.89 
6.2:) 


3.28 
2.85 
2.46 
1.86 
2.79 
5.(0 


2.60 
3.46 
2. 00 
2.13 
2.76 
2.78 


13.54   

28.45 

Tftf 
2.7:j 
4.JH 

5.27 
2.25 
7.44 

9.59 

::;.:i:i 

14.96 

4.76 
0.91 
2.22 

7.67 
6. 21 
2.09 

7.89 

15. 97 

31.02 

5S».  38 

19.20  .29.49  22.01  il8.27  15.73 


5.44 
4.27 
6.02 

15.73 


4.42 

2.5<» 


4.12 
5.tBJ 

7.90 


3.70  4.  (C  1.74 
6.01  I  2.73  2.48 
7.37     2.:«     4.59 


1896.    1897.    1898. 


4.23 
1.99 
4.97 
5.56 

o.n 

8.53 


1.72 
1.76 
2.09 
4.08 
3.76 
5.47 


21.05  18.88 


2.96 
5.37 
2.71 


4.01 
4.76 
3.11 
2.75 
4.90 
3.90 


2:).  43 


3.58 
3.41  I 


Mean 


4.80 

8.(4     . 

2.68     9.82    . 


17.64   17.08  I  9.11     8.81    11.04  ,15.52  16.81 

2.rio'"3r94~r6^ri  2.64 

1.62  I  1.46     5.97  I  1.06 

3.44  I  1.72  I  2.58     3.95 


44.63 


2.15 
2.69 
2.66 


3.13  :  4.99 
0.80  i  7.08 
4.85  ■  4.58 


7.56  I  7.12   I4.t56  i  7. 65     7.50  |  8.78   16.65  j 

54.  W  *iy^  42. m  itTlir :». 59"  ii!  1k"  56. 89     39.80 


(I  Mean  of— 

(.'ooperstown 2.«»8 

Ithac-a 2.4<l 

S.  Kortright 1.94 

:i.7.(W 
"2..% 


Table  No.  80. — Rtcard  nf  jtrecipitation  at  Palermo  fur  thr  water 

l.Sf*S\  inclnsiri'. 


e€trs  isr>4  to 


Month. 


\KA.      IKV..      IKW.      I>s5:.      1K>.     1S55*.    \m).    I8»n.     1nv2.    18«KJ.    iMtW.    1865. 


December. 
January  .. 
February  . 

March 

April 

May 


June 

July.  .. 
August . 


Total  . 


<i  3.  IS 

2.6l> 

3.(1) 

2.00 

2.  rt) 

1.30 

2.20  I 
2.50 

2. 10  I 

1.9<l  ' 

2.:ft)  i 

2.WJ  . 


2.IM)  , 

2.5(» 

1.20 

1.00 

2.10 

3.60 


5.2I> 
3. 90 
2.  (HI 
3.2(» 
2. 10 
4.  (Mi 


Total !  14.68  I  13.90  I  13.00  i  21.00 


5.50 
2. 90 
3.90 
1.70 

2.  .JO 


20.80  25.80  20.30  23.90  122.60  123.10  :J7.10  .  21.90 


3.0f» 

2.40 

1.50 

7.00 

7.00  I 

4.90 


6.50 
2.60 
3. 40 
3.30 
2.00 
2.50 


4.20     4.20 
3.20  I  3.30 
3.;*)  I  3.70 
4.90  '  5  40  , 
4.2(»  I  2.90 


2.60 
3.(iO 
2  7(1 
2.90 
20 


4. 10  I  3. 10  I  6. 10 


5.60  ; 
4.(K) 

3.a» 

2.90  ) 

4.50 

6.50 


5. 10 
3.40 
2.30 
5.10 
2.70 
3.:k) 


3.50 
3.00 

1..T0 

.5.80 
4. 50 
1.40 

8.(X) 

11.70 

1..50  i  8.50  I  \Ui) 
2.10  I  1.50  5.(iO 
3.3(»      3.:*)  I    3.10 


\M)  1  13.  .10  i  12  20 


3.20  (J.  80  3.;)0  I  3.00 
.5.90  2.90  3.80  I  5.50 
3.20     2  60     3.60     2.40 


12.;iO  12.:*)   10.70 


Septeml^r |    4. 70  i    1. 80  , 

October ..|    4.90      4.90, 

November !    2.80      1.20' 


Total I  12.40 

Yearly  t<>tal-..!  a5.08 


5.WJ  I  2.20 
4.10  2.50 
:i;iO      5.6() 


.90  !  i:i:)o  I  lo.:«) 


;i.60  :i80  I  4.70 
2.20  2.40  4.70 
3.:*M  :J..')0  I  5.21) 


4.10 
4.60 
4.50 


15.10 


10.:*)  14.60  I  i;j.l5 


9. 10  I  9.70  |14.60   13.20 
33.50  I  3;j.20     44.(«)     42. 1()~  47. 8«)  47^  47.8(^48.60  45.20  149.90 


10.90  11.80 


2.90 
4.20 
5.30 


3.50 
7.90 
3.70 


2.50 
3.50 
4.30 


0.70  8.80 
1.10  I  8.00 
6. 40  j    1. 10 


8.20  1  12.90 


2.70 
6.00 
5.90 


4.20 
5.60 
3..% 


I  J49.1 


47.85 


a  Mexico  i-econl. 
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Table  No.  86. — Record  of  prvcipiUition  at  Pnlermo  for  the  water  years  1854  to 
18US ,  incl  M.sn  V— Con  tin  ued . 


Month. 


1««8.      18e».      187(». 


December . . 

January 

February  . . 

March 

April 

May 

Total. 

Jnne 

July 

Aufcust 


3.10 
1.56 
7.00 

2.90 
2.70 


6.05 
4.70 
2.50 
2.»5 
2.70 
0.90 


19.81     25.80 


4.8r)  1.60 
2.  HO  2. 40 
0.41       1.60 


2.00 


17.10 

2.Wi 
l»,  70 
2.:(^ 


Total 8.011    5.6(J  I    tLLi* 


September 

October  

November  . 


7.30  ,  2.»»  I  4.  IH 
4.30  1.00  1.40 
6.60,     1.40,    O.itj 


a.  lu  ' 


£.9n 

4.10 
L.lo 


lH.nW 


4,70 

2.m 


IQ.W 


5.]n 


K.6fi 


3*:o 

U.fiO 


4.00 


aT5 
3.m 


Total I  18. 20  I    4. 70     11. 75  l  lU.  W)  j    B.  W."* 

Yearly  total . . .  1 16^  02     .'W.  10     ^ L'i  i ^  '  -W  ;n     ; r I  1^5 


lh71. 


1872.  ■  iHra.  .  1874,    1875.    1876.  '  1877. 

I  I 


3.1ft 

4.  an 

2.70 

1.70 

1,70 

i.;ii 

a.fli 

2.ai 

2,  NT 

MO 

o.tiu 

l.SO 

lajii  hm 


2,10 
L40 

o.2n 


S.70 


i.ao 

LSI) 
3.^1 


15.  f 


a.  30 

3,70 
1.10 


j^ao 


6.30 


2,40 

l.Sft 
*i  10 

j.rc; 

L4U 


4.«» 
3.40 
4.1U 


l.«U 
iS.41 

a  441 

l.AO 


l.W    1.30 


3^.ftll  10.51 


0.10 
2.i)0 


o.a) 


2.  lift 
5,7n 


4.  NO 
O.60 


IS.OfJ 


a2i» 
a  4ft 
aiiiu 


3.20 

i.ai 


tt.TO 


4.3(1 

a  10 
a  641 


3.00 

4  JO 
5.40 
3.60 

2.m 

MO 


311130 


2.W> 
l.OU 


4.S1 

a  50 

0.10 
2.70 
l.TO 
0.40 


ia:u 


3.W 
4.90 


T.WJ 


4.40 

a  60 

3.50 


OJti 


£.ao 
am 
an 


n.m  l2.iro  12  10  .10,50  1 10. ito  11.50  i   u.^l 
'St~Ki  m/i)  1^7- 1 8  I45. 50"  hi8. 1 1  :».  20  vjcTm 


Yearly  mean,  tweuty-thrt*t»  yoars.  1kV4  to  l>Tr,,  :a).(*i. 


Month. 


1H7K.       IHTO.       1880.       18^<l.      1882.       I8h:j.  '.    1S84.       1885.  j    188<1.      1887. 


1H^8. 


December ;{.:«>  ;    7.95  I 

January 3.«»  3.10  1 

February ,  2.3o  4.89  I 

March 2  52  1.75 

April I  aoo  I    0.26 

May I  a2«J  I    1.79 

Total :  17.92  19.74  1 

June |~a2(rra49 

July 2.70  '    3.10 

Auifust  5.50  2.:fcr 

Total I  11.4<» 

September '  1.60 

October 5.35 

November 4.05 

Total 11. (K)  !    7.10 

Yearly  total ...  4<»..i2  ^35. 79 


a:w 

2.21  , 
2.49 

1.82 
l.tti  : 
2.57  ' 


1.88 

5. 4^) 

2.69 

2.95 

3.;t4 

2.50 

0.88 
1.48 


4.22  1 
1.67 

2.58 


a  61 
2.95 
a  01 

1.27 
1.16 

5.87 


14.09  .  ia02  j  19.32  I  17.77 

2.I2T  2.ori  2"^ 

a  51  '    2.a5  !    0.64 
a  82       1.99  i    2.82 


8.95 

9.48 

1.57 
1.15  , 
4.518  ! 

~f04 

2.87 
5. 75 

6.38      6.:« 


4.21 

a  17 

1.29 


1.34 
a  81 
1.82 


8.67 

TssTi."^' 
o.:w     1.80 
a  57 

7.20 


1.01 


9.W  I    6.97  I    3.16 
IW.ST  "aun-     i».86     33.64 


2.6.3 
0.1« 

a  60 
a2:j 

0.68 
1.28 

11.58 

~1.27" 
1.62 
2.19 


a  42  ' 

a  93 

2.97 

2.45 

a  41  ' 

3.90 

5.39 

ass 

2.55  1 

2.36 

2.03 

1.91 

0.68  1 

1.68 

1.08  i 

1.89 

1.00  ; 

2.13 

1.12 

2.30 

2.29  ! 

1.07 

1.87 

1.17 

iaa5  i  15.07 

14.46  1 

ia25 

"2.¥j  1 

a  44 

~"2.27"| 

2.26 

a  85  ' 

1.83 

2.65  1 

a  13 

2.98  1 

2.») 

1.91  1 

a  46 

6.08  I    9.75  I    7.57  .    6.8:j  |      8.85 


1.91  I 
2.65 
2.18  I 

•2^40  i 


a91»  I    a  70  I    2.33  i 
a  12  '1.85       1.93 
2.50      4.31  I    a  25  ' 


9.61  !    9.86  .    7.51  , 
32. 7T    32T50iar8O 


4.23 

2.20 
a  45 

9.88 

3lT98 


Month. 


December  . 
January  . . 
February  . 

March 

April 

May 


IHK9. 


-'.  XT) 
3.48 

2.8:j 

2. 59 
2. 06 
1.17 


1890.   1891.   1892. 


a  48 
2.44 
a  45 

xm 

1.73 
0.44 


Total 14.37  \  17.20     15.34 


2.2;j 

4.11 

2.62 

1.49 

2.00 

4.75 

June  ... 
July 

AU^UHt  . 


I- 


7.17  i 

a  61 

1.20 


2.60 
3.68 
1.95 


l.(« 
4.83 
2.(r) 


4.05 
a  11 
2.2:1 
2.47 
l.(» 
4.62 


6.55 
5.60 
7.45 


1893. 


I.a5 

a(r 

a  99 
1.32 
a  66 
4.?2 

18.11 

2.ai 
1.49 
5.51 


Totr.l 11.98  I    8.33 


.91  I  19.60      9.26 


September. 

O<*tober 

November . 


2.70 
a  28 
4.11 


Total I 

Yearly  total  - . . 


10.0!» 
36^^44" 


7.55 
4.19 
a  95 


1.(36 
a  51 

2.88 


15.60  I 


41.12 


8.05 
3T.30 


2.74 

2.9:^ 

a  97 


9.64 
l678r 


2.80 
2.24 
2.32 


7.36 


34.73 


1894.      lHfi5.      1896.      1897.      189H.    Mean. 


3  *'^ 

a  40  , 
a  14 ! 

1.80  1 
1.75  I 
6.tH 


(i.Ol 
2.U) 
5.13 
a  67 
0.41 
2.36 


19.  a5 

a  56  I 
1.86 
1.56  I 


1.96 
2.05 
0.88 
0.52 
2.90 


10.  .58  '  19.58  I  18.91 


2.36 
6.78 
l.U 
4. 15 
1.49 
2.99 


1.92  I 
2.24 

a  61  ' 


2.31 
5.07 
2.13 


4.07 
4.22 

1.00 


a  44 

4.41 

4.14 


11.99 


2.20  I 
2.59 
2.83  I 


9.51  ]  9.29 

2.51  ,  0.69 

2.02  0.40 

a  60  8.17 


7.62      8.13  I    9.20 


38.;«)  I  28.97  I  37.22  \  37.46 


4.(J8    

2.91    

2.5(»    

1.26    

1.75    

4.10     

16.60    

l.rtO  I 

2.93  ' 

5.72}    

7.Tl8~  ~77~ 

5  14  I 

a25  I 

12.47  I 

34^  ~1i7.oi 


Yearly  meau,  twenty  two  years,  1877  to  18JW,  .I'lHS. 
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Table  No.  87. — Record  of  precipitation  at  Pen  Yan  for  the  tcater  years  ISS,*  to 

ISfJTf  inclHsire, 


Month. 

D€H^inbfr 
January  — 
February  . . 
March 

;iu 

LMJH 

I3.;ii 
in."i5~ 

l.>*ii 

j.m 

It*  14 

Ulti 

2.19 

i*tj. 
1  ^ 

Total  . . 

11  HI 

U.w 

June 

July 

2.21 

a.  (SI 

a.  00 
:;.irt 

3  wi 

Auguflt 

Total  . 

i:f.aa 

W(i? 

Lass 

LOT 

September  . . 
Octolwr    ... 
NovemlK»r... 

7^4" 

.... 

Total 

7.m 
11  i^i' 

W  T^ 

i»5 

Yearly  total 

*.T0' 

a!~lil 

<il.    !*«.;  1.s:M.    ISIV    Iftiti.    KIT.    !««.    18:».    1M44).    1H41.    1W2. 


1  7.i  l.Ui 

II :«)  0  KO 

I"  4«  0.87 

I  :Jh  '  1.25 

i.rc»  '  a.  47 

;<.oo  1  :» 


O.tiS 

I  1  62 

l.(K) 
!  1.97 

I  5.  m 


0  7t 


ri.»i 
;t.s4 


r>   !<.4g 

SJBJ 

7.;4 


ti.fU 


4  Att 
jS.77 
4.ai 

i.7?r 

3  IB 


U.U  11.:M 


3.42  2.W 
<*.«1  I  LtiW 
2,  H»     :j  4^1 


L22 


(I.  NS 
2,  hi 
I  4»* 


a  9:1  I  4  J7 
»7.7i»  \'£i  'd\ 


1.74 
()l7H 


0.  (W) 

2.  a? 

2.11 
u,7l 


12.01  ILS.ltt 


13  51 


4.1H 

2.ter 


a.  IS 


<i.5U 


2M 

iir 

1  7n 


liio 
3.715 

3.  fig 

m»i 


l.iil 


!S».  4n 


^.  111 
^.•^ 

.  SOA 

5.2*1 


3.  an 
1. 1« 


r,a2 


1  71 


.'4.71 


1  l-l 

tl  71 
1  41 

il2 
1.1*1 

ir«7 
2.47 

2.:St) 


H  *S 


.i,7» 
2.  Id 
2  7i> 

III  44 


Month. 


l.S4:J.      1S44.      Is4.").      184»l.    ,  1S.J7. 


Dec<'nil»er  . . 

January  

February  .... 

March 

April 

Mky 

2.00 
2. 51 
l.ir, 
1.44 

2.'JI 

l.r.i 

1.22 
l.i:j 
o.ii;{ 
1.45 
i.M) 
:).o7 

1.00 
l.tfs  j 
:M7 
l.s\ 
2.o»» 

i.4!i : 

Total- - 

11.51 

S.50 

11.21 

June 

July 

;r:»5 

1.47 

2.95 

0.  m 

4.IW 
1.2s 

'2.;j»i 

l.tUJ 
1.59 

August 

Total.. 

7. 77 

«.H7 

5.57 

September. . 

Ot:tol>er 

Novein>>er . . . 

-5.«T 

2;2« 

~0"97 
1.18 

'l.78 
8.00 

:j.22 

8. ««» 

Total... 

10.ti:"> 

4.J>5 

Yearly  total 

2».jm 

_ 

2o.;ti 

^•"1 

(I  Mean  of 
Aul)uri 
Itlia«.M 

1.49 

;.9."» 


0.49 
I  78 

2.  :i9 

10.82 

15) 

2.88 

0.»W 

5.04 

8.  75 
8.tW 
2  24 

9.  »Ki 

24.  W 

1H48. 

1849. 

I.S.-.O. 

1851. 

ls.-,2. 

1.S.VJ. 

1S54. 

1S55. 

4.00 
O.W 

o.:js 

1.18 
O.tili 
8.  M 

10.5* 

:i.  v.< 

2. 7^ 
8.:Si 

8.17 
ii  57 
0.5* 
o.f<5 
il.48 
8.12 

8.78 

2.3 
l.iU 

5.4H 

J  :{8 
1  70 
12* 
J  r,4 
1  1(7 
:t  17 

8.(^ 
1.12 

M    liH 

!  ::! 
2,  iJt 
4.1s 

l±l*2 

2  :i 
ti  wi 

:t24 

2  W 
0.75 

a. 5] 

1.3a 

1.8t» 
4.11 
1.47 

ii,tt7 
2.A'i 
:ftt! 

101*2 

8  7^1 
21W 

13.fif^ 

11.  H 

~i'«r 

U.tUl 

i.m 

ILi: 

4.:i5 

1 ;« 
11  sci 

7.*17 

4.M 
1.™ 

404 

f»  11 

K40 

i,BS 

4.V^ 

IS.  23 

1.97 
0.87 

l.iai 

1  a: 

2  f^ 

4.4(» 
2  77 

1 43 

254 

1.54 

1  94 

5,:i2 
l.shi 
l.Ttf^i 

in] 
i.atj 
i,ao 

1.3a 

4  :>:i 
2:  J.  411" 

34.  ^« 

H  1.981 

5.n 

5  7« 

2&rif 

»,  Ui 

4.37 

IS.  13 

^TT 

rn.i2, 

I9.«« 

2U.77 

1.0.) 
0.50 


2)1.55 
0. 77 
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Table  No.  87. — Record  of  precipitation  at  Pen  Yaji  for  the  tcater  years  1S2U  to 
/«S*67,  inclusive — Con  tin  ued. 


Month. 

im\.      isr,7.    ,  1858.    1  1859.   ! 

1860.       1861.      18(52.  '  18(KJ.  '  lW'4.     1865.     18«6. 

18(J7. 

Mean 

December  ..- 

January  

February.... 
March 

i&f.:.::::::: 

1.52 
1.79 
0.45 
1.50 
L86 
1.78 

1.92      2.12 
0.79      0.67 
1.07       0.91  1 
1.09       0.97 
4.79       2.rt) 
3.37       3.66 

1.67  1 
0.H7  1 
0.91 

2.2:^  ; 

4. 50 
L25! 

3.19 
0.58 
i).  52 
l.'Hi 
1.47 
1.62 

0.79     0.87 
0.81     2.58 
2.26     1.66 
1.48  .  4.15 
3.63  1  L32 
3.02     l.({8 

1 
1.74     1.73 
2.85     1.45 
3.02     0.69 
1.45  ,  2.30 
0.9()  !  2.37 
3.48  '  5.20 

1.63 
L35 
2.39 
2.12 
2.24 
3.75 

1.19 
0.52 
1.55 
2.08 
1.52 
2.17 

1 

1.03   

LOl    

o.ra  

1.47  

3.79  

6.2A  i 

10.98 

! 

Total... 

8.90 

13.(13 

11.43 

~  3. 06~ 
2.91  i 

8.94  •  U.99  ,:i2.26  jl3.44   13.74  ,13.48  |  9.03  jl6.2» 



June     

3.10 

11  "(iT      2~K1 1 

~2.'or 

3.83 
3.88 

0.7;^     3.92  ;  .5.10  i  1.41 

3.63 

4.42  a2.06 

July 

3.25  1    2.81  1    3.73  1 

6.29     4.9H  il 

0.2:^ 
4.30 

1.88 
7.22 

2.64 
1.84 

1.30  1  0.49    

AugUBt 

1.03  !    4.87  1    2.97  j    3.95 

4.00 

1.35 

3.38  :  1.34 

1 

Total... 

7.38 

18.71  1    9.51       9.92 

L6:j  ;    2.81      3.39 
6.56  ,    1.49       L52  , 
.  4.23  i    2.49       l.:^7 

12.42  1    6.79  i    6.28 

9?2  1  10.02 

10.25   19.03   10.51 

8.11  1  9.10  |3.88 

6epteml)er... 

October 

Noveml)er ... 

^.17" 
1.10  1 
1.71  ! 

4.98 

3.30      3.56 
3.(«       l.(M 

1.33 
4.37 
2.38  1 

1.13     2.05 
2.(»     3.73 
4.06     2.04 

6.98" 
2  98 

1.71 

4.56     L64 
L64     1.97 
2.68  aO.33 

Total... 

9.36  i  10.65  1  8.(W  |  7.26     7.82 

10.62  1  8.88  1  3.84    

Yearly  total . 

21.26  1 
88.— i 

44.16 

1 

27.2:j 
of  pr 

27.63 

28.  (« 

32.156  30.  .59  |4 

t  record. 

at  Perry  Ci 
chtsitr. 

W.;«  32.07  j:>2.::l 

27.01  .2:1.9k     27.9:1 

Table  No. 

lecord 

a  Genevi 

ecipitation 
1808,  in 

ty  for  the  unter  years  IS89  to 

Month 

-     -  - 

18S9.    ,  imi      IS91. 

Irttt.      189:}.      1S94. 

1H95.   '  1896. 

1 

1897. 

18l»8. 

Mean. 

December  . . . 

January  

February.... 

March 

April 

Miy 

a  3. 94 
4.65 
2.(0 

i.m 

2.56 
3.34 

.3.08 
3.24 
2.35 
4.06 
3.71 
6.95 

4.02 

3.:« 
4.23 
3.45 
2.16 
0.74 

17.94 

"ri3" 

3.54 
3.90 

4.4H 
4.56 
1.54 
3.JC, 
1.65 
6.08 

0.78 
2.25 
1.8II 

2.4:^ 
:).58 
5.37 

L87 
:j.l3 

2.54 
0.99 
6.10 
6.55 

3.( 
2.8 
1.4 
2.C 

1.: 

2.4 

6 
12 

0 
16 
t7 
9 

3.08 

1.68 
3.58 
3.70 
1..58 
3.81 

1.40 
1.81 

1.3:1 

2.66 
2.66 
3.69 

2.86 
2.47 
L68 
1.85 
3.64 
3.36 

Total... 

18.44 

23  :« 

22.26  1  16.21 

"6765*  "2.13" 
6.H(;      4.99 
4.12      .5.21 

2L18 

4.06 
2.86 

1.38 

13.x 

17.43 

13.46 

15.86 

June 

6.49  1    4.55 
7.07  '    1.67 
3.04  !    6.97 

3.64 
».72 
4.67 

3.67 
4.18 
2.54 

4.18 
3.56 
2.30 

3.47 

July 

August 

1.82 
4.68 

Total  .. 

16.60  1  13.19 

~3.7,4~  ~6T98" 
3.84  ,    6.02 
6.30  j    2.56 

11.67 

17.6:1  1  12  .•$< 

8.29 

10.98 

0.91 
4.16 

10.39 

3.97 
4.07 
2.44 

10.03 

~2.'6tr 

0.86 
3.74 

9.97 

0.84 
L64 
4.63 

September  .. 
October 

0.98 
5.46 
2.19 

4.12  .    5.46 
2.74  1    4  .•« 

2.12 
6.211 
3.90 

November  .. 

0.91 

2.10 

Total    . 

12.68 

15.56 

8.63 

7.11 

7  77  1  11  M 

7.07 

10.48 

7.18 

VA  *IH 

otal... 

:«.14 

"47.0(7    36.31;  TTiw' 

Yearly  t 

47.72  ^  52.13 

:^1.20 

:i8. 

:jo 

30.66     38.11       40.09 

u Auburn  recoiu. 
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Tablk  No.  so. — Record  of  precipitation  at  Phoenix  for  the  icater  years  1S9S  to 

1S9S,  iiiclusive. 


Month. 


1H02. 


18»i. 


1S»4. 


1805. 


18fl6. 


1«J»7. 


1808. 


Mean. 


December. 
January... 
February  . 

March 

April 

May 


Total. 


June 

July.... 
August . 


Total. 

September . 

October  

November  . 


Total 

Yearly  total. 


6.82  i 

"4.":»'i 


1.54 
3.33 

3.88 


8.75 


4.1)0 
2.49 
3. 75 
1.80 
3.79 
5.28 


21.11 


3.8:i  , 
7.(19 

4.83  ' 


15.75  I 


1.62  ! 
l.KJ 


42. «{ 


3.31) 
2.31 

2.:« 

1.89 
1.71 
4.60 


3.49 
3.37  ! 
3.49  , 
1. 01 
1.77  ! 
2.42  • 


4.49 
1.52 
5  23  I 
0.2l{  I 
0.9U  i 
2.59 


0.8tf 

3.8:j 

1.25 
4.52 

2.:« 

2.50 


3.25 
4.50 
l.HO 
1.83 
3.00 
4.14 


IH.  18 

15.55  : 

2l).9J» 

15. 44 

18.41 

2.51 
2.69 
5.26 

10.46 

5.22 

2.()1 
2.59 
2.07 

2.  .35 
3.27 

'~3.^ 

8.56 

2.5:j 

~   " 

2.13 

'          1.87 

i         9.22 

7.27 

2.28 
Ml 
3.h:j  ' 

7^~ 

7.16  i 

14.37 

1         4.47 

5. 15 
2.W  ; 
4.27  ! 

11.88  1 

^).(ir  1 

1.49 
0.90 
6  26 

8.65 

~38.46" 

4.20 
4.54 
3.80 

12.54 

'          3. 92 

3.91 

;        12.  :)0 



.        37."70 

41.41 

38.38 

Table  No.  90. — Record  nf  precipitation  at  Pierpttnt  Manor  for  the  icater  years 

IS49  to  1871,  inclnsice. 


Month. 

1H49. 

1850. 

1S.-.1. 

3.*ll 
LSfl 
2.  Art 
2.18 
3Jfi 

3. 78 
L3ii 
LS5I 

2.73 

i.m 

2.1W 

\im. 

IHTrt. 

1K5S. 

a.  77 

L5V 

0.5§ 
£,3i 
+.44 

1867. 

3.3(7 
0.06 
4.12 

i.m 

4.70 
156 

1868. 

1860. 

1880. 

December..,.. 

January..-,,..- 

Fi?bruary ^- 



l.M 
l.W 
l.OS 
3. 14 
3.H2 

£.63 

L8r» 

L37 

18.'! 

2.:i3 

3.  HO 

l.m  J  O.HO 

3.40  ;  3.70 

2.41  l.rt7 
1.8*     L28 
3.87     1.3rt 
3, 23     1  -ifl 

4.42 

LW 
1.49 

0.57 
2.&4 
3  M2 

2  86  1    im 

150       L46 

1.03  1    L:^ 
3.81       110 

Mareh.. _.._.,„ 

^^":;:::::::::::::: 

3.40       1.75 
2  37       I  07 

1.V  Ifi  1   1*  A? 

Totml ..- 

IS.K1 

13.  WS 

12. 13 

14.17 

15  85 

10.2S» 

13  41 

16. 6B 

15  r^ 

JUUG-, .,***,      ,-. 

LOO 
7-T6 
1.83 

2.48 
5.11 
Ltr^ 

2.00 
2.73 
L86 

1.81 
1.31 
2.44 

3,17 
L4tt 

4.26 
4.48 
2.76 

a.  00 
S.41 
2.7fl 

3.03 
1.11 
1.97 

3.49 

3.a3 

3.43 

4.20 

3,31 
5.3B 

2,47 

July.. ... 

Auiru&t.-^...    

in 

4,«1 
3  57 

Total 

1I».GU 

9.51 

3.30 
3.65 

~L*io" 

3JW 
3.Ji:i 

-L.-ifl 

,  5.«1  [11.50 

rae 

fl.11 

9  84 

ILBO 

10.07 

3aptamber.... 

Oc^olwr  .-.- 

November  ......   ... 

3.36 
2+1 

4.42 

3.85 

LOW 
3.22 

3.M 

2  75 

2,!* 
LW 

4.40 
4.58 
2.21 

£,sa 
3i.oa 

a  66 

S.4S 
6.25 

3.65 
3.  (ID 

2.78 

4.3f> 
2.48 

3,?> 

H.<JO 
3  94 
4.83 

Total  ...  ..... 

u.ie 

IS.  17 

wiva 

1L61  1 

7.84 

7  41  ill   ID 

a.  19 

14,36 

10.12 

la  48 

14  77 

Yearly  total.. 

:«.:« 

aa.48 

30.  (S 

27.57 

m^m 

3S.B8 

».n 

40.04 

».00 

87.53 

37  31 

Mcmth. 

imL 

IH»E. 

3.21 

3.57 
2.a2 
2.25 

2,15 
3.12 

3JJfl 
2.4« 

L!i3 
2  21 

3.31 
5-tt? 

18flB.     Mm. 

IM7. 

1868,    1H«8. 

1»T0- 

1871. 

4.14 

2.47 
1.88 
3.10 
3.54 
l.ttt 

Mean 

Dei 'ember-... , 

January........ 

February „,. 

MArch. 

April .. 

May -  - 

3.96 

3.47 
a  12 

3.  ft: 

l.UD 
2,33 
2.30 
3.83 

2.3a 

4.23 

2.IW 
0.68 
4.16 

3.71 
2.«U 

2. 65 

3.24 
2.64 

2  70 
2.1fl 
3.95 

4.«) 
L30 
0.10 
1  »3 
4.00 
7.03 

1.37 
4,33 

1.38 
JJ.16 
L84 
2.90 

3.22 

3.61 

ao9 

2.75 
2.45 
3:14 

3.07 

i.io 

3.30 
2.82 
LOT 
1.18 

Total 

iA.m 

14.  (M 

m,^ 

18. 4S 

17.  re 

16.37 

as.40 

U.87  117.96 

16.1+ 

i^m 

June 

July-.-. -.-... 

.August .... 

i.p) 
».ii 

1.34 
3.61 

1,35 

3.» 

3.37 
3.W> 

0  73 
0.80 
5.14 

4.^1 
1.13 

6  25 

1.79 
6.52 

1.63 
2.36 
2J54 

241 

L64 

4.57 

4.75 
0.56 

3.16 

1.77 
4.51 

2.m 

i.ge 

3.W 

4.79 

Total.-......., 

12.51 

a.ii> 

10.12 

6.67 

;~2.T^^ 

4,29^ 
5.76 

8.86 

14  an 

6.36 

8.68 

14.47 

8.07 

10.37 

September 

October..-. 

November 

0.30 
2.44 

2.68 

3.26 
LBS 

5  85 
4.57 

3.27 
6  IS 
3.21 

6.46 

3.66 

T.ao 

2-7B 
O.Sfl 
2.14 

3.64  1  3.% 
3.14     6J^» 

6.66   3.ee 

4.62 
3.00 
2.74 

L70 
2.1s 

aoo 

Tota!  .,.,.,    .. 

12  71 

7.7» 

13  41 

12  71 

12.03 

17.42 

g.8e   12.13  13.g0  10.26 

T.OO 

Yearly  total-.. 

43.  tU 

28.15 

».f6 

^.U 

3B.41 

ryi.35  1:14, 6fi  |36.fie  46.33  35,07 

^4» 

36.14 

DKKl'    WATERWAY  a. 
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Table  No.  91. — Record  of  precipitation  at  Piatt sburg  for  certain  irater  years^  as 
indicated,  from  I843  to  ISOS,  inchisiiH\ 


Month. 


Fehroftry  -. 

Hftr'^b 

April 

Mfty 


Total 


July 

August ...... 

Total. 

Beiptflmber . 

Ofttober 

NoTember  . 

Total  . 

Yiwrlr  total 


Plattaburfc  barracka. 


F*lHtti^lmr^ 


lS4a  iim.  vm^ 


al.U» 

AM 


ISvtifi 


S.48 
5, 32 


is.rt* 


4.4 

3.U8 


lE.iU 


a:4i 

1154 

2.44 


ia.5; 


4.41 

t).4tt 


10. :» 


iLBT  3a.fi» 


1.5;r 
3.84 

l.«t 


IS.tfT 


e.ifi 

L31 


15. 6&    5,££ 


3.%     a.«0 

4.&^  g.ae 

3.41]) 


S^.EIS 


iWa    JMT 


l.;3Q(al3l> 


4JU 
3  Srt 

0.7f> 


1S4S.    l^i. 


2.t>4 


T.dOi  £0.e7|  I5.AH 


an 


7.1* 

3.76 


itiToj  7M   em 


It.  25     LL'l 
3.57     4,52 

se.13   s.n 


ILlVil    K.4i 


\ 


4^M  m.3T 


1830. 


2,76* 


UaL 


3,1. 
till 
0  98 

3,78 

Ma 


11.  m  la  44 


l.tH 
0, 

a.fui 


3,4« 
5.4tf 


J!.5H 
4.12 

1.3M 


4.5« 
7-<V4 


e.4^    BIO     1),9(> 


ia*N  15.30 


7,  as 

IS.  10 

l.W 
£,t0 
1  HI 
3.61 


IK^ 


1,84 
O.fNi 
I.3» 
£.0* 


1ft,  (SB   13.  »K 


&.3n 
3  IS 
3 


8A^  ILOft    fi.4h 


4.01 


u.^ 


3.43' 

1,00 
2.  HO 
3  a 

3  ats 
4 


16,84 


aw    1,:W 

2  44     2.  42 
2,55     3.10 


e,5i 


S4.C«£  3e,»e  4L61   ^.61  35.70   39,73 


0.85 


l.n     7.61 
».H     £.47 


irio 


iftn. 


ia&\ 


1^^ 


ass 
aj.6 

2  3» 
1.46 


15,60  n.^  10.^ 


O.OB 


4,31 


3.82 
3  04 


ai*:* 


3.»?| 

irZl\ 
\.m\ 


3, 01 
1,25 

0.30 
L40 
0,U» 
,1.30 


ti.HO     Si.(ie 


a. 70 

3. 1:1 


42. 5; 


1.5B 
2.  OH 


16,?^     6,36 


3.57 
i(.4S 

S.5: 


3.ta 
61.31 


tt!.5f)     6.44 


^.es 


MoQtli. 

mr. 

iNCrt. 

l>C4t. 

».  IT 
l.(|4 
fl.Wi 
1.40 
0.80 

i.irr 

IJWI  ^  iJ^Otll 

2.45 

l.(W! 

:J65 
1.07 

1892. 

2.5B 
4.»1 

3.47 

hm 

0.117 
4.07 

1,44 
OjfO 
1,54 
0.(]M 
2. 11 

im. 

1^SB&. 

i«».| 

-■ 

lew. 

Me«ii 

Deoeiui'ber,.. 
Janti&rj--"- 
Februiiry  ... 
March 

O.Tfl 
1.7M 

O.HS 
1.70 
5,60 
4.07 

1.72 

1,60 
l.t56 

2.i» 

2.(36 
0.64 
I  18 
1  IH 

rl.48 

2.7*<i 
2.  40 

4.4« 

3.S2 

2.04 
1.37 
1.01 
1,H 
4.14 

S,36 
2.07 
0  70l 
0. 74 

3-r» 

1.V7 

2.40^ 

/4.75 
0.B5 
1.8S 

0.B7     !.9Q 

SLpe  ifao^ 

1,43  e^5.30 
226     1,S» 
2,67     1.S5 
3.41  p3.«3 

_::::: 

Tot»U. 

15.  &f 

y±m 

0.21 

1ft.  a  1 

13.25 

15.7^ 

9.92 

14.  S£ 

10.  S2 

IS.  11 

13.62 

mm 

July 

An^Ht ,  — , 

5.74 
4.10 

2.16 
5  35 

2.0l> 

1.JI7 

l.lfl 

2.34 

3.»D 

4,04 

5.se 

i.ia; 

3.77! 
3.56 

T.63 
5.21 
;.1K 

2.42 
3,iM 
5.76 

3.5g 
3.53 

o.«> 

3.SG 
2.15 
AM 

2.t«0 

3.00 

7.19 
a.  93 

«£.M 

5.83 

"":: 

Total . . 

1».  11^ 

0.41 

4.81 

LI.  21 

B.«tl 

2(1.01 

U.52 

6,M 

10.50 

10.76 

15.02 

ll.ltJ 

Baptt^mber  . . 

2.(je 
1.115 

S.7M 
1.3& 

4.B5 

0.69 
3,5i^ 

2.67 
3.S7 

O.fK^ 
L67 

l.flH 

i.i;; 

2.74 
5.54 

2.13 
0.85 
J,38 

4. £5 

2.79 
3.(« 
2.1^ 

8.64 

3.85 
0.45 
5.13 

2.MI1 
l,6t^ 
^.19 

1.90 
0.53 
3.56 

3.37 
3.70 

3.08 

Total  . . 

Li.iEi 

6.bO 

6,76 

8.0tV 

4.67 

6.43 

6.72 

6.€0 

10.15 

Yearly  tot^l. 

45  JB 

^.  IJ 

S^.TB 

36,47 

26,73 

4L30 

ES.8B 

30J1Q 

29.75 

mm 

34,<t4 

^li 

34,50 

a  Potsdam  record. 
b  Lowville  rooord. 


r  Burlington  ( Vt.)  record. 
d  Approximate. 


f  Champlain  Valley. 
/Malone  record. 
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Tablk  No,  02. — Rvranl  «>/  pn'ciititation  at  Pumpeif  fitt  certain  water  years,  as  indi- 
eateil ,  from  IS^'7  to  JS5,s\  inclnsiv^. 


Month. 


December . . 

January  

February  .. 

March 

April 


Api 
Ma: 


ay 


Total . 


June 

July 

AugruKt 

Total.. 

September . . 

OcU>ber 

November  . . 

Total . , 

Yearly  total . 


1>C»7.     IKX     iKfl*.     IK*).  ,  IKU.     l«t;.     iKt). 

1             1             ■ 

im. 

IJCkV 

JKkL 

18:J7, 

ltc«^ 

1S3P. 

1^40, 

(ti.m 
4.7r, 

JJ.H9 
1.35 
2.2() 
1.74 

1.42 
1.B8 

i.ai 

2.01 

0.(17 
0.80 
0.55 
0.10 
2.26 
1.85 

1.88 
0.40 

'o.'wi" 

1.70 
3.87 

l.»7 

0.25 
0.30 
2.00 
0.06 
1.21 

l.iw 

1.09 
0.49 
0.18 
0.18 
1.24 
5.28 

0. 7() 

2.(^ 

2.n;> 
:f,0(( 

2.47 

1.25 
0:4 
o,w 
4.:y 

o.a3 

0,71* 

1.0s 
o.ei 

ODl 

im 

W.76 
0.54 

0  57 
2.4A 

i>.5& 
2.Ctr 
a  45 
1.27 
1.5.1 
d.oa 

l.t« 
1  2U 
2.1U 
l.lfl 

14.r.9 

3.77 
4.34 

11.25 

4.lJi 

£.4«l 

8.79 
l.*4 

'":^ 

5.77 

oltf 

3.H6 
6.45 

9.06 

2.nir 

9. 54 
2.fri 

15. 12 

-| 

14.  W 
2.711 

a.  71 

o.8d 
1.4« 

6.37 

tt.88 
tt.f» 

6.27"' 

3J« 

2.64 

12.  iff 

4.M 

4.8U 

2  71 

\Zh^  \l7,i^ 

li.ft5 

ifl.:H 

ii.<i« 

12.40 
'2,35" 

a,2« 
1.^ 

A.  lit 

'1.^ 

0.87 

Li.  11 

Lf.7fl|n.t»0 

2.i2     1   10 
0.tt7     t>.t>U 

v±m 

4.1« 

sun 

am* 

1.57 
l.M 

4  aa 

It.l^ 
t)  70 

2.tW 
2.;i7 
3.09 

;J.2U 
0.4(1 

£.4a 

4.20 

i.n 

2  21 

±11 

iia-v    tt  w 

H  14 

iii.»j 

="z 

8. 15  1  H  Ift 
25.00  pLi;i 

"^ 

Sim 

4.aH 

7.m 

S.18 

5.1»i 
J5.(4  : 

l.JA 

mail  :M.a» 
1 

a.43  ^,tf7 

34.ar^^ 

ai.w 

Month. 

1 
IMl.  ■  1842.    1843. 

1844.  ,  IKii).  '  1851. 

1852.    185:1 

!  1854. 

1 

1KV>. 

185d. 

1.28 
0. 45 

o.'wi' 

2.80 
2.46 

1857.  '  1858. 

:j.<o 

2.24 

2.08 

i  1./I9 

Mean 

December . . 
January  ... 
February  . . 

March 

April 

May 

i.m 

2.  .Vl 

urn 

l,5ii    (I'tl 
1.45     3.^ 
1.71     J. 38 
2.44     l.tMJ 

0.85  ■  k;i7 
3.01     L'.-'ja 

0.5li 

2.  no 

l.W 
M7 

a.  41 

5.12 

5  21 
J.  42 

3.44 

4.:e{ 

2.1111 
1,:12 

2.;« 
5Jit» 

3.08 

l.W 

0  57 

*04 
2.13 
4-(H 
*.ttl 

1.4- 
1.90 
2.18 
2.82 
W.84 
1.30 

I.m 

2.96 
2.75 
3.14 
3.«56 

.      Total  . 

iM.^ftl 

1  2.:Si 

^8.:*7 

12.  [if 
,  2.l« 
1  l.KJ 

11. US  |m.ut 

II.TH 

l8,4lM20.4aa5.;« 

15.51  |17.83 

l.~70 

1 



June 

4.4i 

3.14 
4.70 

5.37 

l.W 

;i.(»4 

5.40 
a8H 
2.57 

3.A4 
4.1W 

4.53 

p2.88 
2.  IB 

10.12 

2.18 
2.29 
8.50 

4.:b 

1.58 
1.34 

5.10 
2.62 

#^2.80 

1 

July 

AuKUHt 

'".""'i''"'* 

Total . 

12.25  1  fKHT 

~4."4irx7r 

l.HT    im 

...... 

14.  Mi 

13.12 

s.:t4 

2JS3 
3.TU 

HI  07 

7.22 
4.«»" 

i.eo 

2.55 

10.42 

rf27«7 
2.47 

1.28 

«.42 

: 

'8.02    ...."'. 
3.40'    

1 

Sei)tember  . 

October  

November  . 

;;-; 

"5,  of 

t,4tl 
i.  40 

1.71 
A.  44 

4.32 
3.94 
3.54 

Total  . 

I  tt.HCJ 

T.12   10,»ft  1 

10.87 

».m 

1^43 

11.80 

8.77 

^r 

~  ^^ 

Yearly  total. 

^h^  : 

1 

30.72 

31,  r^} 

40.441 

40.  le 

4s*.m 

31.50' 

;m~.«7' 

:ti..7 

a  OuondaKa  record. 
h  (;azenovia  re<'or»i. 


<-Syracu»H»  re<*ord. 
(/ Cortland  record. 
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Table  No.  93. — Record  of  precipitation  at  Port  Ontario  for  certain  water  years^ 
as  indicated,  from  IS44  to  1874,  inclusive. 


Month. 


1844. 


1846. 


1844(. 


1849. 


1850. 


1851.     .    1852. 


I 


1853.    i    1854. 


December  , 
January  ... 
February . 

March 

April 


Api 
Ma 


ay. 


Total. 


June 

July 

August  . 


a  2. 08 

..-. 

1.43 

3.01 

0.19 

2.  ♦18 

1.54 

0.85 

1.441 

2.48 

3.74 

2.JW 

63.62  ' 
2.30 
2.93 
1.55 
1.29  , 
1.82  ! 


3.88  ' 
1.16  I 
1. 15 
2.62  I 
1.65 
3.  (JO  • 


2.09 
1.08 
1.08 
0.37 
3.39 
3.(4 


10.38  I      15.12 


8.32 
1.42 
6.50 


Total. 


16.12 


4.73  ; 

1.58  |. 

aO.38   . 


J3.51  I 


13.46        11.65 


6.69 


1.66  I 

o.m 

1.61  I 


2.  JO  , 

6.09 

1.25 


1 

2.90 

4.41 
2.76 
2.14 
3.66 
0.68 
0.86 

4..«'. 
1.17   - 
4.12   - 
0.89    . 
3.04  :.. 
2.01  1. 

2.61 
2.31 

3.97 

1.91 
1.31 

15.01 

14.51 

15.83  |. 

2.55 
2.37 

4.06 
1.18 
0.53 

0.72  |.. 

1.32 

3.96  I       9.37  I       6.24  I      5.77  | 


September........... 

0.54 
4.89 
1.02 

3.63 
5.60 
2.65 

2.26 
6.30 

2.40 
5..T9 
4.81 

1.74 

2.48 
4.97 

3.31 
4.80 
4.47 

. •  ..   . 

October             

1       0.8S 

November...... 

...          1.09 

' 

1 

Total 

6.45 

11.88 

11.33  1      12.80 

9.19 

12.58 

1 

Yearly  total... 

as.  95 

33.69 

i      28.75  1      33.82 

90.44 

32.86 

Month. 

1855. 

1856. 

1870. 

1871. 

1872. 

1873. 

1874. 

Moan. 

December       ....... 

1.69 
1.90 
1.82 
1.20 
0.70 
0.72 

1.47 
4.95 
2.90 
1.50 
0.97 
2.95 

C4.13 
3.88 
3.72 
3.9(( 
1.60 
0.68 

3.45 
2.4<S 
2.21 
2.87 
2.67 
0.82 

3.69 
3.04 
2.12 
1.35 
1.14 
2.27 

2.49 
1.72 
2.16 
5.65 
2.38 
1.63 

3.12 
5.32 

January ........ 

February     .     ..... 

1.73 
1.55 
1.96 
2.45 

.     . 

March  

Anril                   ..  .. 

May  ::.::::..::::::: 

Total 

8.08 

14.74 

17.97 

14.48 

13.61 

16.03 

16.12 

June  .    ............. 

3.60 
5.20 
1.65 

10.45 

1.70 
2.16 
1.41 

2.16 
4.34 
2.54 

2.00 
2.38 
5.83 

3.?2 
1.75 
0.64 

0.95 
1.95 
1.56 

3.28 
5.42 
0.09 

July 

August .............. 

Total 

5.27 

9.04 

10.21  1         6.11 

(»791  1         ^2.20' 
1.40           4.93 
2.76            1.97 

4.46 

8.79 

September .......... 

2.02 
3.40 
2,J» 

8.87 

4.23 
2.59 
1.93 

2.a5 

5.42 
1.97 

2.28 

1.27 

tfl.75 

October            ...... 

November  .......... 

Total 

7.67 

8.75 

5.07  1         9.0J* 

10.34 

5.30 



Yearly  total... 

38.16 



35.76 

29.76 

28.81 

30.83 

30.21 

31.17 

a  Mean  of — 

Mexico 

Sacketta  Harbor.. 


b  Mexico  record. 


c  Mean  of  ~ 

.2.10   0.30  Pierpont  Manor 3.67 

.2.06    0.57  Oswego 4.60 

2)4J6    077  2)8.27 

2.08    0.38  4.~13 

d  Mean  of — 

Oswego 1.89 

Sacketts  Harbor 1.60 

2)3.49 
1775 
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Tablr  No.  94, — Record  of  precipitation  at  Potsdam  for  certain  water  years,  as 
indicated,  from  1S2S  to  189S,  inclusive. 


UootlL 

\&A, 

IKS. 

ircr. 

1931. 

l«e. 

1633. 

1^34. 

183S. 

1^». 

1S37. 

1^. 

'l839. 

Peoember  -_- .  ^... 

Febrniiry 

O.Sl 
3,il 

3, 4A  •    2,7^ 

3.«9 
0.60 
OOA 
2.  DO 
a  40 
a  61 

1.30 
0.60 

\.m 

O.firt 
1.26 
2,31 

1.^ 
0  70 

J.J^7 
4.30 

0.k« 
0^5 
O.iT 

t.m 

3.^ 

on 

1.43 
1  53 
0.17 

0.68 
0.36 
I,  OB 
0.4^1 
0.^ 
3.  &1 

Q.Bl 
0.74 

i:U 

2.m 
1.55 
3.49 

LIS 
2.66 
0.30 
1.04 
1.31 
8.73 

o.n 

2.70 

0.70 

Moirch   ♦-    ♦.,— ^--^^ 

3]  a) 

2.riti 
0.:SJ 
^7:1 

1.20 

April  _.„. 

liay  ._ 

0.34 

Total  ...,„,., 

14. 10 

mrr  |  sst 

13,ffi 

7.fl& 

fl.t*7 

1*,^ 

0  :n 

6,48 

10.70 

L0.19 

7.75 

-         ;  "■  ": 

JniU3    ^         .    ^**«»*,,4., 

a.  A3 

4.A1       5.J4A  i 

2.91 
aft4 

1.52 

i.;h 

6.M7 
7,  H6 

3.81  1  S.  48 

3.31 
3.2H 
8.2f] 

1.91 
8.S7 
3  13 

i.40 
3.11 
2M 

3.19 

Jtily    .,„„. .,. 

».Dl 

1  as 

1  4(1 

4.ai 
4.4A 

4.61 

Aiif^at .-iF-*l 

2.90 

Total-- 

1^.03 

mw  1  1^.41 

«.oa 

6.73 

ltt,21  1  7,74  111.36 

Si.^ 

7.91  f  9.57 

10.^ 

Rnyit^iii^inF 

4.60 
2.58 

g.ri       3.  A3 

4.65 

1.20 

2-74 
8.62 
2.67 

5  a* 

0.87 

2.16  1  2.34 

0.47 

a.a7 

0.17 

3.46 
2.»7 
3.33 

£.80 
8.06 
1,97 

3.  re 

Oetober 

1.78 

2.AB 
aw 

3..W 
1  97 

4  70 
2.30 

0.^3 

November  _ .  _ ._ _ . _ . . 

0,81 

Total 

O.BO 

li,56  1  Ifl.tff 

0.63 

9.03 

10.47    7,(3»  1  P,24 

a.  (a  1 9,63 1 

7.44 

4.67 

YeaJ-lrtotttl... 

36.13 

S7.4S  1  3i.n.'i 

31.81 

22,61 

m55  2!i.0l  p.Sl  jlB.al  p.»4  27.30 

1  ^-^ 

Mcoitb. 

]»ta 

IMI. 

IKI^ 

,  lH4:i, 

1}U4. 

1,P1 
3,05 
0.83 
1.77 
LOW 
3,37 

1640. 

l.!IO 
2.34 
2,Pfi 

ai$» 
3.50 

1M6. 

1&47, 

184:1.     11M0, 

Mean 

ofao 
ye*rt. 

JaTiii&ry  . . , 

l.OA 
LOS 

1.3» 

3,91 

0.1*1 
O.lfV 

l.»i 
3.35 

0.46 
1.(10 
l.AO 
2.fl(l 

S.15 

1.6P 
3,71 
l.U 
3.  AS 
2.47 
l.t» 

0,50 
L  10 
0,56 
0.J92 
0.66 
3.51 

1.3D 

&ai2 
0.55 

o.:» 

0.42 
0.39 
1.77 

2.70 

Ma  pch  - 

Atirll  .....—-.*,..,- 

May          ,_     ..  . 

11 

Total,, ..,. 

itil 

lojje 

B.ue 

];ls7  [  11. m  1  ih.f& 

7*) 

6.53 

— 

Juui:]          «,.**..>.«».. 

4,1H 

3.23 
1,10 
1.3* 

a.  or 

4.fiS 

s.os 

3,FS3 

1.13 

1.1^ 
3.10 
7.06 

4.13 

2.48 
0.31 

i.fts 

2,71 

1.43 

2.5i» 

July.... 

7.56 
2.51 

Atl^lRlt       ■    IT,    TIT    -,r         J           Tl 

":::::i 

Total ^ - 

1U.55 

6.67 

10.07 

msD  1  12J)1 

6.M  (    6.11  !-„,„. 

12.65 

1 

Sep  tpm  ber  ^  ^ .  1, ,  ^, » , , . - 

l.ti£! 

3,  fie  1    3.  AT 

1.75 

e.ii 

2.60 

0,1W 
4.65 
2.15 

>    4.84 
2.76 
2.30 

5.13 
4,65 

2.  IS 

3.36 

s.so 

0.56 

f>Ttober.„„v .— , 

1  44 
2.01 

3.33 
1.87 

...... 

November  ^ ._ ^_- 

^ 

Total.. ^ .... 

7,M* 

7.27      *(.S7 

10.46 

7.T6 

9.80 

ll.«)|....,,. 

7.^ 

Yearly  total ... 

m85 

23.  UU 

2i.30 

34  02 

)M.m 

1  »£.23  ]  25.30  1 1  26.80 

.,..,,,1 

26.77 

1 

1 

a  Lowvllle  record. 


/*  Mean  of — 

Gouvemear 3.24 

Lowvllle 3.01 

2)6^ 

ai2 
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Table  No.  04. — Record  of  precApitation  at  Potsdam  for  certain  xcater  years,  as 
indicated,  frmn  JSJS  to  ISOS,  i/ic/it«uv— Continued. 


Month. 

1889. 

1890. 

1891. 

1892. 

1898. 

1»H. 

ismL 

i.m 

1«»7.  .  1898. 

1 

Mean  Mean 

of  9   1  of  29 

years,  years. 

Dooembcr  ....... 

aS.68 
3.42 
4.66 
1.48 
4.1H 
8.36 

3.75 
2.75 
6.42 
4.40 

1.88 
5.UH 

2.00 
3.18 
3.62 
3.78 
3.13 
0.79 

2.28 

?>2.84 

2.96 

3.2<J 

i.ne 

5.01 

1.26  '  4.S9 

i.in-    Zl^ 

2.99  i  J. 70 
0.75  .  ]  ?J 
3.07  •  ^^  67 
5.38  1.14^ 

4.50 
2,4(^ 

l.Hft 
1  17 
2M 

0.83  '  3.26 

2.70    

2.N>      .     .. 

1 

Januiu-y 

Febmary 

March 

2  7(1    

AdHI 

ar  2.18  

Ifl     3.3()    



jSy.:::::::::::::: 

:....: 

Total 

19.78 

24.28  1  16.50 

17.33 

b6.93~ 

&4.53 

6.93 

14.52   14.63 

15.10   15.79 

u.r.i  

1 

June 

Jnly 

Angnst 

7.:J5 
7.87 
4.75 

4.27 

3.:i9 

4.33 

2.01 
5.68 
6.77 

5.00  ;  3.»J6     2.59 
2.58  63.40    3.34 
9.92  7)0.95     6.72 

2.76 
8.13 
3.31 

2.70    1 

7.04  ; 



1.99  1 

Total 

19.97 

3.05 
4.42 
4.10 

11.99 

14.46 

18.39 

17.50 

~8.'oo" 
1.02 
2.06 

8.01    12.t55 

9.20 

11.73' 1 

September 

October    

November 

~4.4r 

2.;« 

8.76 

1.43 
2.67 
2.92 

-8.11" 

1.78 
4.07 

8.67     0.73 
1.78     1.H7 

5.10 
1.14 
2.02 

i.3r....7 

0.55    

4.19    







Total 

11.67 

10.50  (    7Ati 

8.96 

6.07     8.79  •  4. OH  |  8.26 

6.05  > 



Yearly  total. 

5l.:i2 

«.:7 

3"..  98' 

44.68  1  38.09  31.43  31.83  |33.25  .'fi.29  i 

38.63  1    31.83 

1 

a  Mean  of — 
Utica 

3  12 

Palermo 

2.25 

2)5.37 

2.68 

b  Mean  of — 

North  Hammond 2.58    8.25    4.21    3.88  1.08 

DeKalb  Junction 3.08    5.72    5.40    3.41  0.91 

Canton 2.87    6.81    3.98    2.92  0.85 

3)8.53  20.78  13.59  10.21  2.84 

2.84  '6.68    4.53    8.40  0.95 


Table  No.  95.— JKecorrf  of  precipitation  at  Poiighkeepsie  for  certain  toater  years, 
as  indicated,  from  1830  to  1808,  inclusive. 


Month. 

imk 

1S3L 

leas. 

1833, 

1M34. 

jHa=t.  i«w. 

1m:J7.    iWL  1  IHIS.  ^  1843. 

IMl. 

1845. 

iim. 

D^ceinber.,. 
January  .... 
Feliruary  ... 
March....... 

^f.::::::: 

4.  as 

18.  S3 

6.B3 
3.£0 

a,  fin 

3.10 

1.27 
4,8» 
3.22 
4  J3 
3.30 
3.27 

a.  44 
2JK 
1..'j3 
3  13 

1.75 
4.tltt 

^.04 

a3.56'  2.78 
.^.55     0.14 
1.28     2.112 
3.7i     a.  87 
&.m     2,2H 
L«6  1  1.38 

4.rjO  aire'  2.51  ^  2tW 
.-.-..    4.H7     1,37     2.13 
......    U.75     Itm     IA)& 

......    1.73     2.71     3J»* 

3.m     4.25     2.lfJ 

......    1.47     2.tia|  1  37 

a  96 
3.9» 
1.55 
4.23 
1.06 
bJXk 

3.80 
4.45 
2.4fl 

3.54 
2..% 
L14 

3.65 
2.21 

Lit 

3.83 
1.5T 
5.1ft 

Total.. 

34  ao 

w.m 

15.57 

^17.«;   15.95 

15.38 

lti.4e  |R15 

ll~ft8""4.7H" 
5.wri    2.45 
4.13     8.;£5 

16.36 

4.55" 
8.45 
3.45 

iB.m 

15.  *« 

June 

Jtily 

An^fit  

4.34 

A.  as 

l.HJ 

3.81 
8  67 

0.«! 

4.fie 

3.2(1 

4.45 

S.m     4.73 
2.80  '  4.31 
1  47  ;  LM 

3.(a 

....,,10.9+ 
......   4.15 

3.10 
3.:» 
3.7« 

3.16 

4.20 
4.W 

Total., 

U.5« 

R70 

ll.UtJ 

12.33 

,..,., I  7.27   mSB 

_.....!  8.13 

13.71  I15.48 

35.45  1  r.aa 

R45 

September., 
l^rtober..... 

Norember ., 

1.4A 

a,«i 

7.00 

4.48 
».45 

2.52 

8.ik 

2.HB 

a.m  1  1.4* 

I.m ;  2.67 

2.19  Is.or 

......    1.47  1 

2.07 

'3.rcri 

3.75 
I.IA 

3.16 

4.63 
8,31* 
3.50 

2.45 
4.  XI 

1  51 

3.  no 
3,2rt 
5.15 

0.2« 
3,41 

€.67 

Total.. 

32AT7 

is.tn 

11.18  ;U.(M 

4,C  ■  fl.33 

......I  6,M 

7.Hfiil«.!tS|  8.40  |la41 

9.38 

Yearly  total. 

4£.40  |A4.31 

4&.S0  41.94 

^.rta  j3e.7fl 

.11.06 

38,02 

M.ft5 

40.30 

agLfSB 

35.55 
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Table  No.  95. — Record  of  precipitation  at  Poughkeepsie  for  certain  tcater  years^ 
as  indicated^  frmn  1830  to  1S98,  inclusive — Continued. 


Mrmth, 

\m. 

U^. 

lHt».    lH,'i(>. 

\mK 

im. 

l^fifL    10Ki 

IBBI.  '  LfiBfi.  j  18IHL 

1BB7. 

>»«. 

Miym 

December... 

JftDuary , 

Februarj^  . . . 

S£?'.:::::::: 

3.11 

8.rtO 
S.l<i 
0.fi3 

3.^ 

A.46 

a4.72 
0.45 
1.4fi 

1.R1 

W.41 

3.3S 
5.51 
1  57 
4.W 

4.0O 

4.45 

2,01 
a.ltj 

3.06 
&.10 
l.U 

(J.rtl 

l.Sl 

2  B5 
ft:7H 
3.12 

7.1» 

3..W 

1  L'l 
6.1* 

4  12 

1.71 
1.U9 

O.Hfl 

o.ao 

l.H 
2.tt) 

1.67 

i.as 

l.:W 
a.3tt 

4.57 
5.:?7 
3.S2 
2.4^ 

aw 

4  7+ 

:::::: 

Total - 

ia.ia 

......  Iti,fl2|-,...._:«.:y 

Sl.HSi  ^j.Ol 

2l.f,IJ 

lit.  117    LVtifi  rlSL5U  iR^l  !S3.10 

Juue,.-**^,, 

H.ft7 

i.aa 
s.as 

1.^ 
3.3e 

&.71 

6  S4 

4.1^ 

ana 

4.10 

l.# 
4.11 

l.Tl 
1.04 

e.:S4 

3.49 

a.  71     4.25 
8.3a;  11.37 
S.2tt     i.Ml 

July 

Total.. 

x.w 

...... 

fi.l^ 

13.34 

1L50 

13.52 

7.31*1  6.S* 

T,38  1  8.33  |l<V.43  13. 5» 

September . . 
October ..,. 
November  . . 

3.23 
I.B2 

0.88 

(1  Kl 
3^3 

4  57 
4.34 

0.W 

1. 13 
LBl 
S.11 

1.37 

5,ttti 

3.43 
1.^ 

4.sa 

6.  no 

2.m 

L34 
4.4^ 

S.70     1.W3 

K.ua    0J3 

1.4&    5.45 

airs 

4.7a 

:::::: 

ToUl„ 

0.04 

H.74  L 

»71 

6. 05 

**.33     8.01   13.40 

«.fle 

»,H1  (  7.41 

10.17 

Yearly  total. 

30.  la 

i3l.4»    .-.„.  45.19 

3i.3^ 

41.75  mrr  35.03 

^,63  W.Ta  37.4S 

1 

4a.  M 

»lSi 

a  Kingston  record. 


h  Rondont  record. 


c  Mean  of  Hudson  Valley. 


Table  No.  96. — Record  of  precipitation  at  Prattfburg  for  certain  tvater  years,  as 
indicated,  from  1829  to  18^5,  inclusive. 


Month. 

1829. 

1830. 

1831.      1839.  '  1840.  ' 

t 

1841. 

1842.      1843. 

1844. 

1846. 

Mean. 

December 

a  1.05 
2.10 
1.05 
1.42 
1.39 
2.74 

1.27 
1.73 
0.78 
2.67 
1.96 
4.44 

3.47    61.68 
3.09 

;   1.68 

1.65 

J    2.00 

*•«« 

2.50 
2.10 
2.20 
3.30 
3.35 
4.00  1 

8.35 
2.60 
1.10 
3.06 
4.10 
0.96 

6.70 

i.a5 

1.80 
6.50 
3.75 
2.75 

3.50 
1.10 
3.75 
1.50 
3.25 
1.30 

1.36 
1.28 
1.17 
1.00 
0.96 
4.50 

LOO 
2.36 
2.85 
L76 
8.00 
2.76 

January __.... 

February  - 

March 

April 

May-..      

Total 

9. 75  ;  12. 85 

14.90 

17.45  : 

15.15 

20.85 

14.40 

10.23 

13.70 

June 

3.61 
3.91 
2.20 

7.60 
8.08 
2.57 

5.87 

;    3.55 

3.30 

4.80 
3.85 
3.24 

2.30 
1.50 
2.20 

3.70 
3.10 
3.50 

4.70 
2.65 
1.73 

1.40 
8.12 
2.25 

2.40 
0.16 

Lao 

Jnly 

August  .............. 

Total 

9.72  :  13.25 

12.72  1  11.89  1 

6.00 

10.30 

9.08 

11.77 

4.16 

September  ...... 

2.56 

2.23 

..      0.14 

1.50 

2.33 

1.78 
2.46 

6.00 
3.(6 
2.35 

7.86 
4.30 
2.60 

8.10 
2.60 
1.70 

3.50 
5.22 
L66 

October 

1.55 
2.36 

1.70 
3.92 

0.75 

1.90 

4.40  1 
2.85  ' 

November- 

Total 

6.47  1    7.85 

2.79  1    8.75 

6.56  1  11.40 

14.65 

7.40 

10.87 

Yearly  total 

25.94  1  33.95 

30.41     38.00 

27.71  1  42.56 

38.13 

29.40 

28.22 

82.71 

, 

a  Auburn  record. 


b  Canandaigua  record. 
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Table  No.  97. — Record  of  precipitation  at  Rochester  for  certain  tcater  years,  as 
indicated,  from  1S30  to  ISaS,  inclusive. 


Month. 

ISJO. 

ISM. 

1835. 

1836. 
0.46 

1837. 

1838.    1839. 

1 

2.62     1.06 

1 
1840.    1841.  '  1842. 

1843. 

1844. 

December 

a  2. 17 
l.OH 
0.22 
3.42 
1.32 

o3.HH 
0.11 
0.  73 
0.7H 
l.HO 

0.53 
l.lo 
0.81 
0.60 
4.46 
0.79 

1.58 

1.18  '  1.93     2.53 

2.80 
2.79 
2.82 
2.09 
2.22 
1.83 

1.90 

January  ............ 

2.40  1    0.16  1  1.70     2.40     1.16     2.13 
0.59      2.50     1.70    2.05     1.37     0.21 
0.5,>      3.0J)     1.24     1.35     1.40     3.55 
1.70      0.50    2.14     2.48     2.22     3.27 
6.12      2.82     4.91     4.90     4.13     1.17 

1.13 
2.12 
2.80 

2.48 
2.18 

2.21 

Pebru»ry  

0.37 

March 

April 

1.14 
0.72 

f&j 

3.51  1    0.91 

4.18 

Total 

12.32       7.9» 

H.'M 

11.82  1  10.56  14.31   14.24   11.46  12.26   13.33  14. 3S 

10.52 

H.a'S 

June  _ --.-.. 

1  rti" 

5. 49 
1.83 
3.57 

2.77 
2.74 
1.29 

2.58 

1.33     3.40     2.63 

1.29    3.66 
4.58     3.69 
1.60     1.42 

2.93 
2.12 
0.70 

3.1ft 

July 

Angnifft  

l.»9  1    1.45 
1.91  1    i.:w 

1.11     3.(4     4.20     3.11 
3.?i     2.50     3.56  1  4.09 

3.30 
1.74 

Total 

12.  :S) 

3.93 
1.04 
4.70 

4.44 

10  80 
^.6:r 

4.56 
2.25 

6.80 

7.41  !  6.96  11.16  !  9.83  1  7.47 

8.77 

5.75 

8.23 

September 

October  

November 

T.m 
i.m 

1.99 

2.30 
2.66 
3.25 

2.34 
5.10 
4.16 

0.87     1.19 
3.20     0.56 
1.68     2.82 

2.81     6.14 
2.83     1.21 
1.71     4.65 

"5719" 
2.20 
3.43 

5.52 
4.42 

1.07 

~0T68 
4.81 
2.19 

Total 

9.67       7.94 

9.44 

8.21 

11.60 

5.75  1  4.57 

7.a5   12.00  jlO.  82   11.01 

7.68 

34'24" 

Yearly  total... 

20.37 

28.67 

26.8:j 

29.57 

27.02  ,29.97 

! 

28.64 

31.78 

32.92  31.11 

26.43 

Month. 


1845.  ,    1846.      1847.      1848.       1H49.      1850. 


December 1.64! 


January  

February . 

March 

April 

May  


3.51 
2.01  ' 
2.62 
2.49  I 
2.65  I 


1.42 
2.18 
2.92 
1.53 
1.18 
2.  .34 


2.52 

3.01 
3.71 
0.92 
2.65  ; 
1.73  ' 


1.31 
2.25 

1.04 
1.77 
0.78 
4.48 


4.11 

l.:w 

1.29 

2.:J5 

1.44 
3.81 


2.31 
3.(0 
1.95 
1.70 
2.56 
2.87 


Total !  14.JI2  I  11.57     14.54  ,  11.63     14.39  !  14.42 


1851. 


5.28 
1.36 
2.  (JO 
1.38 
1.16 
2.21 


2.70 
1.57 
2.  OH 
3.21 
4.32 
2.08 


13.39  I  15.96 


2.50 
2.47 
2.86 

2.:jo 

3.24 
4.56 


17.93 


June  — 
July 

August  . 


Total. 


4.48  I 
2.75  I 
2.77 


4.9fl 
2. 49 
3.8;j 


2.»i5  I 
2.(15  I 
5.27 


2.13 
6.16 

2.78 


4.3:j  I  1.84 
0.94  5.97 
3.62       1.93 


10.00  I  11.  JW       9.97 


September •    4.;CJ 

October  2.84 

November 2.58 

Total 9.74 

Yearly  total . . . ;  'M.  V*\ 


2.  76  , 
6.79  ■ 
3.(J1 

13.  h\' 

Tw7(«' 


4.25 
4.94 
3.65 

12.84 

37.a-> 


11.07 

8.89 

9.74 

2.96 
1.77 
1.8i> 

3. 91 
4.17 
3.31 

~2.95 
5.06 
3.  :J5 

6.5;J 

11.39 

ll.:i6 

3. 58 
1.54 

4.:i9 

4.09 

i.:i3 

7.73 

9.81 

"l.TlTi" 
2.14 
3.92 

2.97^ 
3.89  : 
2.»<6 

1.4« 
1.00 
2.01 


4.49 


1854. 

1855. 

1.72 

3.25 

1.81 

3.33 

2.86 

1.46 

1.07 

1.48 

3.54 

2.(H 

2.14 

1.96 

13.14  j    13.52 


5.47  5.65 
0.25  I  5.26 
0.90        2.6!) 


6.62!     13.44 


21».2:3     ;M.67     :{:>.52 


_7. 12 
28.24 


.V».49 


6.83 
2. 57 
2.34 

Tr74 


5.18  I 


1.80 
1.64  !  4.84 
1.48         1.06 


8.30 


7.70 
"34.66 


Month. 


1856.       1857.       1858.       l«5i«.       I8«i0.      18411.      iStL*.       1863.      I8f4.      1865.      1866. 


Deceml^r 2.4^  2.68 

January 1.94  j  l.J»2 

February (».77  3.."»2 

March IW  1.99 

April 2.;J2  5.67 

May 2.4K  3.72 

Total 11.91     19.50 

June '    1.90  ,~5.19 

July 1.80:    3.58 

August I    2.70  I    2.74 

Total I    6.40  ,  11.51 

September '~3.52  ri.W) 

October '    l.(K)      4.22 

November |    1.32  '    3.W 

Total I    5.fi4  I  1(1.08 

Yearly  total ...  24. 15  i nA*f 

I 

a  Canandaigua 


4.37 

2.:w 

1.4(( 
2.85 
3. 40 


3.48 

1,37 

l.(J7  I 

2.49 

4.(« 

2.71 


4.46 
l.(»8 

i.a-» 

l.(H 
1.841 
1.41 


1.5:3 

2.48 
2, 9« 
1.5.-> 
3. 24 

3.88 


l.:»8 

3. 51 
2. 82 
5. 15 
2. 13 
2.(»5  ' 


2.:U  I  2,63  I 

2.2:i  i  2.91  i 

2.44  I  1.18  ! 

3. 49  3,  44 

'9  I  3.23  i 


16.(4     15,15     11,74  ,  15,66  i  17.(4 


l.Kl 
15. 12 


6,54  ! 
19.9:3 


_l_ 
4.82  ■ 
1,74  I 

3.17 ; 

3.(0 
3.:30  i 


1.75 
1.48 
2.:fil 
2.71 
3.20 
2,90 


3,40 
4.  W 
3.28 


1.17 
4.16 
5.14 


3.78  l.:?7 
4.50  5.11 
2,50  :    2.22 


4.44 
4.13 
3. 70 


137  1.57 
5.(0  ,  l.(i6 
5.49  I    5,49 


18.89  14.43 

"5^4:3  3.90 

1.47  i.:w 

1,04  '  4.91 


11,:34     10.47     10,78  1    8.W  I  1(».79     Id.  KM    8.72  |    7.94  1    10.17 


I    3.19 

0.86 

I    5.70 

I    9.75 

37^13  j 


2.84i 
1.21 
1.92 

5. 99 

31.61 


I  3.52  <  6.00 
I  4.71  2.81 
I    3.:i6       1,41 


1.8:3 
5.51 


I  11,59     1(».31 
r  34711 Y  34. 95" 


2.:w  .  1.51 
3.98  I  2.72 
2.46      2,97 


8.80  I    7,20  I  10.00 
"36763  132. 43'" 


>  I  iSi 


38.65 


4.:33|  4.11 
4,29  1.22 
1.70  I      3,29 


10.32 


87.15  i    ;«.22 


record. 


b  Geneva  rec«jrd. 
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Table  No.  97. — Record  of  precipitation  at  Rochester  for  certain  tcater  years,  as 
indicated,  from  ISJO  to  1S9S,  i^icZi^siw— Continued. 


Month. 

1867. 

1868. 

1869. 

1870. 

3.38 
3.40 
3.38 
4.(M; 
2.75 
0.78 

1871. 

1872. 

187a 
3.33 

1874. 

1875. 

187a 

1877. 

December 

January 

3.22 
2.ti8 
3.01 
2.08 
2.93 
5.«9 

a  0. 70 
1.45 
1.59 
4.38 
1.86 
6.36 

3.23 

i.:yi 

4.18 

2  '*r 

1 47 
2.56 

63.28 
1.93 
3.25 
3.82 
3.59 
1.68 

1.86 
2.40 

4.69 
5.72 
3.  .35 
2.90 
4.99 
2.98 

1.01 
1.19 
1.21 
1.92 
1.99 
2.76 

2.91 
4.27 
6.40 
3.89 
1.99 
1  65 

1.72 
3.10 

February 

March 

April 

1.28 
2.50 
2.15 
2. 18 

1.62 
7.02 
4.71 
3.62 

0.46 
3.55 
2.67 

May 

1.20 

Total 

19.  «1 

16.:34 

15.01 

18.  a5 

17.53 

12.37 

24.15 

1.84 
5.42 
3.01 

10.27 

24.53 

1().08  1  20.01 

1^>.70 

June 

3.54 
0.72 

2.87 
0.68 
3.22 

6.62 
4.90 
4.60 

'*4."72' 

~5.'or 

4.(i0 
3.49 
6.05 

5.3,5 
2.56 
1.89 

2.79 
4.37 

0.84 

:i  :w  1  3.33 

2.12      4.49 
6.06  !    0.36 

3.16 

July 

4.42 

August 

2.96 

Total 

5.«« 

6. 77 

16. 12 

2.83 

3.58 

14.14 

9.W) 

8.00 

10.63  1    8.18 

2.87       6.60 
2.41       1.26 
2. 14       1. 77 

10.56 

September 

2. 28       7. 51 

0.51 
2.55 
3.10 

1.72 
8.14 
2.07 

2.97 

8.62 

:3.24 
I4.8:j 

2.73 
2.17 
1.97 

2.31 

Octol>er 

November 

1.92 
a0.3:i 

1.67 
4  42 

3.06 
5.46 

Total 

4..->3  1  13.  (K) 

11.52 

6.16 

11.93 

6.87 

7. 42      8. 72 

10.83 

Yearly  total . . . 

29.80     3*-..  71 
1878.  ,   1879. 

-12. 65 

1880. 

1881. 

37.8:J 

1882. 

"iulo' 

49.26 

:)9.40 

28.08     36.91 

34.09 

Month. 

1883. 

1884. 

2.3:3 
6.13 
1.94 
3.30 
0.94 
2.28 

1885. 

1886. 

1887. 

1888. 

December 

.January 

February 

March 

April 

May 

1. 75 
8.08 
4.84 
4.89 
3.71 
2.25 

6.17 

3.5:^ 

3.27 

2.5:} 

1.44 
1.35 

3.2»i 
2.07 
3.82 
2.57 
2.12 
5.54 

2.99 
4.68 
2.86 
6.33 
1.15 
5.86 

4.11 
2.(W 
1.25 
1.74 
2.18 
5.67 

2.10 
0.94 
2.28 
1.65 
1.61 
0.5:3 

9.11 

2.62 
2.12 
1.54 
0.96 
2.96 
2.08 

2.25 

2.58 
2.18 
3.85 
4.05 
2.98 

16.89 

1.89 
1.34 
4.76 
0.94 
2.51 
1.17 

1.68 
1.87 
0.85 
2.34 
1.22 
1.79 

Total 

25.52  1  18.29 

19.;J8 

22.87 

16.89 

15.92 

12.22 

12.60 

9.65 

Jnne 

1.69 
3.72 
3.24 

8.te 

3.73 
4.61 
3.47 

11.81 

2.45 
3.49 
5.53 

11.47 

2.r2 
5.31 
3. 19 

3.20 
2.20 
1.44 

2. 50 
1.17 
2.73 

4.32 
3.03 
2.52 

4.27 
2.74 
2.30 

2.33 
1.07 

1..51 

1  nn 

4.60 

July           

1.12 

August 

7.26  ;    1.59 

3-61 

Total 

6.84 

~1~82~ 
3.ti3 
1.96 

6.40 

9.87 

"i.wi" 

1.87 
1.32 

9.21 

10.66]    6.00 

9.42 

September ..... 

1.35  1    2.81) 

0.82 
0.«i2 
2.01 

'*2.VkV 

2.49 
2.66 
2.10 

2.90      0.90 

2.19 

October.   

3.KJ 
5.07 

0.67 
4.47 

7.m 

2.30 
4.45 

1.31 
0.80 

3.22 

November 

2.86 

Total 

10.25 

11.22 

7.41 

3.45 

6.09 

7.25 

9.65 

3.01 

8.27 

Yearly  total 

44.42 

38.  (H 

42.07 
1891. 

37. 12 

1892. 

3.^5 
2. 73 
2. 77 
2.44 
1.12 
4.84 

26.74 

30.88 

28.68 

37.  a)     20.61 

27.34 

Month. 

1889.      1890. 

1893. 

1894.      1895. 

3. 84       3. 50 
3. 27       3. 12 
3.41       2.50 
1.84       1.56 
2.(«  ;    2.04 
6.87  1    3.44 

1896. 

3.77 
3.38 
5.37 
6.32 
1.09 
1.64 

1897. 

1898. 

Mean. 

December 

January  

February  

March 

April 

May 

2.00  1    2.57 
3.;«  !    4.83 
2.41  I    3.59 
1.  78  1    2.  J<9 
2.84       2.17 
2.36       6.00 

2.97 

!:lf 

4.44 
1.89 
1.12 

1.77 
1.50 
3.31 
1.81 
3.97 
5.69 

2.21 
2.47 
2.31 
3.14 
1.63 
1.33 

3.89 
6.24 
3.06 
2.34 
1.72 
2.94 

1 

- 

Total 

14. 72  .  22. 15 

18.  :u 

17.75 

18.(6 

0. 94 
2  81 
5.61 

21.26  .  16.16 

21.57 

1.3.09 

18.71  1 

June 

July 

August 

5.;»      2.66 

•    3.<J8  -    1.62 

1.12      2.31 

1.5»i 
3.62 
3.01 

6.68 
3.21 
3.52 

3. 4:3 
2.92 
0.70 

1.56 
1.88 
3.40 

2.80 
4.75 
2.71 

2.92 
6.37 

1.72 

0.89 
2.08 
6.05 

: ■ 

Total 

,    9.56  ■    6.59 

8.19 

13.41 

1.55 

0.78 
3.61 

5.JH 

9.:J6 

7.(fi 

6.84 

10.26 

11.01 

7.97 

September 

October 

November 

2. 21  ;    5. 13 
4.f>2       4.77 
4.62  1    4.05 

1.41 
2.36 
2.46 

2.26 
1.83 
1.93 

2.tK3  1    2  38 
2.86  1    i.:w 
l.(»l    3.:» 

:3.50 
0..58 
2.49 

0.4<l 
0.97 
3.71 

3.36 
4.30 
3.54 

Total 

10.85  1  13.95 

.    6.23 

6.02 
33.43 

7. 14  1    7. 15 

6.57 

5.14 

11.20 

Yearlytotal.... 

:«.  13 

42. 69 

32.76 

37.10 

35.45  1  30.15 

38.40 

29.24 

37.88 

83.61 

a  Geneva  record. 


h  Lockport  record. 


DEEP   WATERWAYS. 


759 


Table  No.  98. — Record  of  precipitation  at  Rome  for  certain  water  years^  as  indi- 
cated, from  JS'S!^  to  JS'US,  inclusive. 


Month. 

1889. 

18W.I.    1  1891. 

la(«. 

1893.      1894. 

1895. 

18JI6. 

1897.    '  18W.    '  ^loau. 

1 

December 

January  

February 

March 

April 

M^y 

1 
4.»r>      4.0:^ 
5. 68       5. 18 
4. 77       5. 9i» 
4.(*)  1    3.7i 

4.03    

7.00  1 

! 

4;8l 
2  77 
7!:36 
1.  r,9 
6. 11 

al.9H       5.43 
2.00       3.77 
7.<».3    62.  K) 
3.16    /,1.93 
3.97  ,    2.:fi» 
6.47       .5.01 

2.  75 

1.89 
2.88 
0.89 
2..V> 
2.61 

4.15 
2.17 
7.59 
4.74 
1.25 
2.85 

2.52 
3.10 

i.ej» 

4.90 
4.12 

3.49    

5.44  1 

2.38  '...  . 

3.45   

4.19   

3.82   

Total 

~6.^ 
0.5«) 
1.67 

14.48 

»).03  1 1  28.51  i  24.61  .  21.:J3 

13.57 
2.(^' 

3.3:> 

3.49 

8.^^9 

22.75 

"  1.51 
6.04 
1.92 

19.69 

22.77    

June 

July 

August 

6.59    

3.21    

5.70    

5. 02 
4.62 
7.04 

1.79  1    .5.98 
2.  IMS       2.01 
6.68      2.40 

4.87 
4.92 
2.71 

3.76, 

4.18  1 

1().98  j 

Total 

IS-^iO  1 i  16.  tW 

11  4H  i  10. :» 

9  47  i  12.511 

18.  le  1 

September 

3.97       8.61  i 1    :i.'.U      3.54       6.07       2.51       4.57       2.:tt> 

3.12       7.26  :    3.:«    a2.59      2.56       4.65      2.01       l.W      0.38 
5.35       5.9ti       5.54  1     3.70       2.10       1.7hI     4.32       5.06       6.25 

3.95  1       .    . 

Ocu>l>er 

November 

3.80   

(•3. 79     .      . 

,                           '              ' 

Total 

12.44 

21.83    :    9.«W  j    8.20  1  12.50  1    8.84  1  11.5:3  |    8.93 

11.54  ' 

Yearly  total... 

,  67..'«    54.82  1  44.24  j  44.22  i  31.30  |  4;j.75  ,  41.12 

53.23  1    47.50 

a  I'tica  record. 
b  Mean  of — 

r.  Mean  of— 

Little  Palls _     -                                     a  in 

Eastern  Plateau . 
Northern  Plateau 

2.73 

I 2.87 

1.61            Canajoharie 3.99 

2.26             St.  Johnsville 4  20 

215.60 
2.80 

3.87                                                                                3)11.38 
l.«i                                                                                     3.79 

Table  No.  90. — Record  of  precipitation  at  Roinnlus  for  tlie  water  years  ISOI  to 

1898,  iiwlvsive. 


Month. 

1891. 

18512.      1 

lrt«. 

1894. 

1895. 

189»V 

3.11 
2.34 
3.66 
4.47 
2.90 
4.50 

I8JC. 

2.08 
0.97 
0.93 
3.80 
2.5;j 
4.80 

1K98. 

Mean. 

December 

January  

February 

March 

April 

May 

■""2.74" 
2.12 

3.48 
3.(« 
1.98 
3.42  , 
1.11 
5.04  1 

18.06  1 

3.89 

2.8:1 

6.06 

0.61 
1.10 
2.49 
1.90 
3.02 
6.11 

1.5.2:3 

"'  TTl 
2.20 
4.15 

1.89 
1.94 
2.64 
0..58 
4.57 
6.02 

17.64 

2.:w  1 

2.  73 

1.81  , 
0..56  1 
1.00 
1.37 
3.40 

10.87  i 

3.I2  1 
.3.21)  1 

:j.9o  i 

2.01    

4.05  : 

1.81  1 

1.90  ' 

:3.60  ' 

4.31 ; 

Total 

20.98 

15.11  j 

17.68  1 

June 

July 

August 

2.43 
4.92 
:i.l7 

2.71  1 
4.14 

0.78  ' 

7.  (S3  ; 

3.9.51 

1.21  1 
4.06 

;i.42  1 

2.42  1 

4.97    

Total 

September 

October 

November 

■"'4.07' 
L25 

_^^^l 

1.12 
\.:U 
3.21 

7.76 

1.155 
0.56 

5.47 : 

4.Jf2' 
:j.92 

1.44 
10.28  ■ 
:i6.(J9' 

10. 42 

~    1.52 
1.15  i 
:i.80 

6.47 

~27!76' 

10.r)2 
.5.10 

:i..'io 

2.92 

10.81  ]  

"~MI3    7..'.~ 

8.«r9   

4.4M    

Total 

5.67 

11.32 

31.96 

14.60  r 



Yearly  total... 

36.51  1 

28.46  1 

43.  (J9 

:i5.34 
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Table  No.  10;). — Record  of  precipitation  at  Rondout  for  th^  icater  years  1S89  to 

lS94t  incliisii*e. 


Month. 

1889. 

1890. 

1891. 

4.00  ' 
11.38 
4.11  : 
5.18 
2.40 

i.tw  • 

1892.      ■ 

189a 

1894.         Mean. 

December 

a3.35 
4.«0  1 
1.98  1 
0.87 
2.17 
3.30 

4.41 
2.10 
3.70 
5.77 
1.62 
6.51 

3.43  • 
5.27 
1.66 
3.58  1 
0. 72  ■ 
5.39  . 

1.07 
6.63    . 
8.71  ;. 
4.60 
4.20 
7.78  ' 

3.20 

JuTiuAry 

February 

March 

1.70 
3.00 
4.01 

April 

MSy 

Total 

1«.27 

24.17 

28.75 

20.06  I 

4.66  1 

3.80 

8.34 

81.99  1. 

June 

July 

August 

6.48 
9.05  1 

2.8:J 

1.96 
1.84 
9.46 

13.26 

4.26  ; 

6.28 

0.67 

3.92  1 
6.43 
4.17  ' 

14.52 

i.~:Y ' 

3.63 
3.10 

2.91  1. 
2.13    . 
5.50    . 

1 

i  -'  

Total 

17.36 

16.80 

2.06 
0.89 
5.67 

10.5;i  !. 

1 
1 

September 

October 

4.24  , 
4.12  1 
tt.<r7  1 

4.23  ;. 
3.38    . 
2.20   . 

November 

-i 

Total 

14.43 

10.21  , 

8.50  1 

8.52 

9.74    . 

1 

Yearly  total 

48.(10 

47.64          61.77 
a  Albany  record. 

45.37 

52.38  ,. 

49.02 

Table  No,  101. —  Record  of  precipitation  at  Rutland  for  the  water  years  184C}  to 

IS'il^  inchmve. 


Month. 


1846. 


1847. 


1848. 


1849. 


IViO. 


1851.  1852.        185:1 


1854. 


December 

January i 

February ! 

March 

April 

Mky ' 


a  1.27 
2  72 

i.jjo 

1.80 
1.58 
2.94 


1.84  ■ 
3. 13  I 
2.18  ' 
1.52 
2.70 
(K63 


Total 


Juno 

July 

August 


Total. 

Septomljer. 

October 

November . 


11.61 

~  4.1J5 
4.60 
2.5:j 


12.00 


3. 67 
1.84 
0.87 
2.61 

l.m» 

3.01 
13.tJ9 


4.14  l.:SJ 

6. 12  4.  49 

l/M  1.87 


Total 

Yearly  total . 


ll.;ts 

3.ilH 
6.tl8 
5. 15  ' 

1.5.51 


11.  (i2 


7.  tit» 


3.57 

2.79 

3.69 

3.67 

5.61 

1.28 

2.07 

2.5l> 

1.71 

l.W 

1.00 

2.M 

(».  70 

2.96 

2  W 

1.42 

8.62 

2.72 

3.41 

1.45 

2.  46 

2.74 

3.46 

2.21 

1.75 

2.:i0 

1.46 

1.79 

2.76 

4.07 

4.:*) 

3.65 

2.91 

2.62 

3.50 

2.35 

1.5.80 

15.55 

15. 17 

13.92 

19.83 

15. 17 

'l.":i8 

1.7:^ 

2.82^ 

2.11 

1.18 

27ie 

2. 79 

7.ia 

8.(0 

3.59 

1.60 

0.67 

1.88 

3.51 

3.46 

].13 

2.70 

0.92 

8.  (Hi  1        3. 18  I 
4.32  4.2l> 

4.54  2..V)  I 


6.  a') 

'4.ttF 
7.(W  ; 
3.44  I 


12.87 

(J.^2  I 
3.«8 


14.31         6.83  1      5.48 


4.41 


2.17 

3.()4 ; 

4.9(1 


3.78 
2.95 

3.K8 


M.nith. 


l8.-).j 


December . 
January . . . 
FoVjruary  . 

Marcli 

April 

May 


1.74 
2. 91 
l.»i2  ' 
(».80  ' 
1.93 


16.92  I        9.W  . 

"4(j.5i    ~;u.:;i 

IS-KJ. 


3. 49 
1.93 
(».  7»> 
(J.  76 
2.02 
4.4; 


15.12  I     14.  a:^  I     10.11  I   i(».6i 
liti.iif^      il"35      ^B».7>9~  ~3i^ 


5.50  2.65 

3.12,        3.87 
3.42  '        3  40 


12.  (H 
"37^r 


9.92 


29.50 


Mean. 


Total . 


June 

July.... 
Aufirust . 


Total  . 

Sopteml>er . 

October  

November  . 


9.93  1        13.43 

4.82 
3.93 
2.?J 

2. 12 
2.80 
3.28 

11.48 

8.20 

3.57' 
5. 27 
L82 

3. 49 
1.4,-) 
2. 26 

Total 

Yearly  total. 


10.66  ; 
'^»r07" 


7.2(» 


a  Sacketts  Harlx»r  re<*or(l. 
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Table  No,  102. — Record  of  precipitation  at  Sacketts  Harbor  for  certain  water 
years,  as  tnaicated,  from  18^1  to  ISOS,  inclusit^. 


Mcmtli, 


January  ,,****** 

February-- 

Uarch  , .-„ 

April.. 


June ........ 

July 

AuffaHt  .„., 

Total-. 
(Mciber..... 


Total 

Yearly  tot^ 


IML 


2.85 
A.  11^ 
O.fiL 
S.rXi 


U.01 


i.l4 


',ai 


1843. 


an 

0  D4 
3.S4 

am 


Iftl-I. 


I.IW 

1.M5 
S.  57 

1*4 


1M4.  '  lb45,  I  iimi. 


2.fW 
a.  74 
0.K5 
1.^*1 
1.7» 
3.37 


1.70 
:i.i5fl 
St  ft* 
3.55 
2.1U 
4.  lb 


1.27 

:;,«! 

3  w4 

2^  Si? 

:i.4ii 


U.U  {12.^  ]12.72  lld.KT  a^.Ki 


4.40 
3.H1 


U.lfi!     11.34 


4.7U 
2.7» 
l.*6 


n.3£ 


4.21 
4.11 
4,3H 


lO.Tfl   12.70  12L01 


8-1*1 
2.44 


»»4.4d| 


3.74 
3.78 
a  HO 


0.41 

1.02 


LH5 
A. 45 

0.57 


1.1«f 


lm9.    1B50.    ]«51. 


l.»9 


4J^ 

a.  55 

3,13 

2.r*T 
8-15 


8  2a 
4.52 

4.;» 

a»i5 


33.71  |3ik53 


Ififil 


4.2S 

2.  BO 
2.7» 

a.2& 


18^, 


imi    iSfiL 


5-18 
£.4« 

hm 

1  51 
1.63 


2.A4 
5.44 
3.UB 
2h7U 
4,4S 


laea  2i,m 


2.irtr 

J.rt4 

0.(11 

7.57 

4,  Hi 

aj3 

2  7j* 
7.*J7 


1JG2 


7.(«   13.:i3  |13.(iW 


3.  Id 
3.ft4 

2.24 


8.51 
5  21 
4.!^ 


4.75 
13.39 

m 


5.85 


6.55  iRttt  |. 


2».5M   S^.MJ  I 


.  10.71  JgiJi? 
T! MAi 


115.29 


[55.su 


4.74 


2.38 
4.7B 
3.  fie 


2.10 
*i32 
4.01 


10.13     12.40 


3,7li> 
3.tU 
5.% 


5.  ID 
4.  OS 

3.38 


R42|13.3S|  i;iMO 


.^.il2  i  47.58 


Month. 


Iwe,  I  Ifm.     18ft4. 


Decemlier 

Jatiuary.^...., 
February  

MftTt^b^-. 

April ,„- 

BjSy. 


30 

1.27 

13 

2.3fl 

W 

3.W 

2() 

2.U5 

14 

3.34 

^ 

2.42 

4.50 
2.58 
L7H 
2.72 

ij.78 


Total  . 


..    12.i;"j  I  11.42  I  St.  12 


June 

July..-...., 

AUffUBt  ..... 

Total  . 

Septeznlier . 
Octotn^r  .,., 
Jf ovtmber  « 


iW  I    2, 
84  '    3. 


1J4 
1J4 
3.  <I2 


fije  I    N 

3! 


5,:j<> 


MHi  j    3 
""     5. 

f.54  1    4. 


Total -. -. 

Yearly  tot ftl„. 


^  I  12 


40 
44 

."4  I  14,34 

:iiri42.<ki 


3.04 
5P4 
5.%t 


1805.      1^U18.     lABT, 


l.X* 

3.  air 

2.51* 


18.01 

~4.7»r 

3. 2S 


n.rc 


l.Ttl 
4,Th 


3,30 
1.28 
2.70 
2.H2 
2.H8 


.IS 


3. 84 
}.5ii 
5,8B 


H.77 

I  31. ;o" 


11.^ 

2.J»0 
4.13 


13.38 


2,M 


1870.    1871.  I  1H73. 


1*<73. 


1874.    1S75. 


fiins 

I.fiO 

2.1W 

1.80 

3.r*J 

MkTi 

t.:f4 

2.:e 

0.43 

3  15 

1.0d 

1.5a 

1.1« 

2.(]0 
].50 
2.U 


1.3» 

l.iMr 
0.30 
5.80 
3,73 
0.113 


i.m 

4.71 
2.34  I 
2.tl7  I 
0.ft7  I 
a  113  I 


0.3S 
L.'iO 
1.33 

1.13 
1.01 

a^ 


12.74  IU.3IJ 


1.48 

1.4tl 
1.81 


1,38 
11  I- 


ii : 


13.83 


U.ttU  I    8.1 


2.W1 
1  55 
3.i>4 


2.  mi 

l.ti8 
2. 70 


1.84  I  1.55 
3.31  1,83 
1.10      2.04 


4.ri.i  !  0,80     3.(JU 


tt.P8 


.    4.&'i  I 

-\  1.37  I 


1.40 
l.-Vi 
3.88 


h 


I  7,N7 
35.18 


a^ 

5.1A1 
2.iW 


2.31) 
6.35 
l..Vi 


(1.25  I    O.Oe 

372171  "itTii 

4.57      3.W 
l.tK>  !    1.05 


|ti,i|:i  11,14 
3wru3~|;io.7fi 


0.00 


L7t* 


0.37  I   T.es 
37.rirt'rr:Tao 


Month. 

lH7tl. 

1«77. 

1S78. 

1H7!». 

IHSO. 

IHSI.     1HS2. 

18SI  '  1884. 

18K>. 

1S8«1. 

1887. 

December     

1.21 
1.43 
3.80 
3.91 
0.55 

l.:v> 

1.51 

"i."7j7 

0. 75 

3.:r> 

1.43 
2.47 

3.  ♦IS 
1.05 

0.2H 

0.  «.e 

1.43 
1.05 
II.  (K) 
0.0(1 

1.51 

1    n,7       •»  i^ 

2.88 
2.20 
J. 43 
0. 02 
1.4.S 
1.43 

3.18 
2.(W 
2.12 
.»  -•> 

l!s4 
2.18 

1.88 

January. ._ 

2.(6     3  !•«      1.4(1  '  2.  72     2  :M 

3.K8 

February  

March 

^a?'.::::-:::::;:::: 

1.K8 
O.Jtt 

1.34 
2. 50 
0.43 
2. 07 

1.1»4  ,  1.78     2.37 
3.73  1  1.00  .  2.45 
1.2ti     1.56  1  0.54 
4.07     3.70  13.25 

1.50 

l.:44 

1.98 
1.58 

Total 

June 

13.04 

i.m 

3.83 

0.78 

~3.3i' 

13.  K5 
HO 

12. 07 

~6.  47" 
1.15 

3.  :jo 

8. 75 

"(Ts-S 
2.(X) 
l.(i3 

4.50 

13. 27 
"i7?>4 

15.10  13.3:<  13.40 

2.Nh'|  27("«T(799~ 

10.12 
"2  49~ 

14.  (H 

"iTiw 

2.38 
3.92 

11.10 
3.08 

July 

August 

2. 07       4.  .Vrt 
5..J0 

(i.:W     1.88     3.1«  !  3.W     2.43 
0.47     )iM)     2.10  12.89  12.20 

0.53 
1.40 

Total 

5.41 

~3."0(7 
3.00 
1.07 

1  10.S9 

8. 03 

0.  i»3 
5.33 

3.:fil  1  7.38  1  8.(r9  1  7.W  1  7.30 

7.38 

~4738" 
1.44 
3.00 

4.10 

September 

"T.Hii" 

i.:y) 

4  4:) 

l.W 
4.47 

4  01 

2.  SO 

1.21  !  1  iliT 

2.KJ     2.»MI     3.28 
2.:i5     2.(3     3.80 
1.87    2.49  C2.54 

1  12 

Octoljer 

3.31 
3.14 

2.W 

2  m 

0. 513 
1.28 

5.38 

November 

1.46 

Total 

7.»7 

7.70  I  1(».H1 

8.(4 
""37JW" 

9.25  1  fi.l8 

4.15 

7.05  1  7.hl  1  0.51 

8.82 

7  98 

Yearly  total... 

35. 42 



:w  55" 

Is'so' 

32.  H4 

28.70  27.47  28.87   2»i.83 

:jo7h4  [liaio 

a  Mean  of-  - 

Depauville 

Pierpout  Manor. 


4.3S 
3.67 


2)8.  a> 

4.03 


h  Mean  of— 

North  Volney  . 

Oswego 

Adams 


..  1.9() 
..  2.;44 
..  1.7(1 

3)5.94 
1.98" 


:•  Mean  of — 

North  Volney . 

Oswego 

Palermo 


2.95 
2.17 
2. 50 


Xsi 
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Table  No.  102.— Record  of  precipitation  at  Sacketta  Harbor  for  certain  tenter 
years,  as  indicated^  from  JS41  to  ISOS',  inclusive — Continned. 


Month. 

B^. 

18HU. 

IHML 

1«BL 

liwg. 

i*«a 

1M4. 

um 

ll»ft. 

irar. 

i^e&JM^^ 

Deceml^er........... 

January , 

Manb „ 

2.*;! 

11^ 
l».7t> 
4.»* 

5.f*0 
11.11* 

I.  re 
a37 

2.53 

5. 05 
2.>qr 
(».S*5  , 

t.oa 

a,47 
S.7S 
1.7li 
2.16 
O.1H 

i   Ml 

1.42 
2.79 

1.22 

8.52 

3.16 

E.27 

Llo 
2. 16 
1  S3 

l.(«5 
1.66 

n.38 

1!  11 

1.01 

1.2» 
1.70 
2.41 

Lie 

3,M 

£.Qg 

a«5 

"■"- 

ApHl ,.,..,.„.. 

May 

1HJ«1 

Total 

4.e4 

a»  I'i 

11.95    I5.nl  ir.^  ir.ttii  miw  .u.m 

13.  as 

l».ri3 

'iijiTi" 

Jnne. ._.-. 

July..,,, „.... 

if.  21 

1,43 
iKva 

3. 00 

5.41 

4.fiS 

l.lltf 
2  2*1 

2  ifcj 

1.7T 
2JI3 

1.54 

4  <e: 
3.70 

i,na 

2  55 

l.Hl 

aeo 

K.66 

AuKUBt *.-„ 

a.uol  i>c^ 

Toifll.-, 

4.5^  1    T.15  1  M.4.5  i:;.!^  1  g^ST  1  ?.7!l  1  ft.an 

5,48 

5*75 

1 

9Bpt<*niber .„, 

Oololitir 

Novum  ber_ ... . . . 

4. 4U      ^  W 
:.13      liJm 

6.27      i.m 
^.U      ^4S 

1.4^    ;i7fi 

4.«) 
2.(« 

S.aS  ;  4,« 
1.74  1  4.71 

:>.T4 :  gjii 

iijn     5.B4 
1-77  [a.34 
4.13  l2.*« 

i.aa, 

i.T5 

:i:::r 

Trjtftl„„. 

14.511  1  lfl.iH 

]U.Ki 

H.07  [  IU.7^1 

n.T4)  imM  1  7.  M  11.04 

4.25 

7.12 

Vrtarly  total. ^ 

iH.rS     JK.Ul 

as.  42 

i»,V  142.76 

Wl,m  34.4lt  p,3«  j3i.3b  jai.w 

iA.m 

a?.  60 

o  Mean  of— 

Utica 3.12 

Palermo 2.25 


/>  Water  town  record. 


2)5.37 
2.68 


Table  No.  10:3, — Record  of  precipitation  at  Salem  for  certain  water  years,  as 
indicated,  from  JS40  to  I847,  inclusive. 


Month. 

'    1H40. 

1841.     i    1842. 

1 

1843. 

1844. 

1845.         1846. 

1847.      Mean. 

December 

January  

J     al.i»8 
O.W 
1.37 

J        3.79 
2.66 

.,        1.47 

1.19          1.11 
3.6.3  ' 

1.76 
1.30 
1.75 
4.36 
2.38 
1.52 

1.57 
2.09 
1.45 
2.34 
1.07 
3  38 

3.27  '      3.94 
1.80  i       1.94 
2.34  1      0.9."> 
2.5»i  i      2.56 
0.81         0.45 
2.42        «.90 

1 

3.00    

LSI    

p-ebruary 

o.;{0  1 

2.15 

1.36    

March         

2.37     

April 

May 

3.78    

1.10     

2.37    .  . 

2.26     

Total 

.|      12.26 

.1        4.26 
J        4.55 

.|        3.26 

.1      12.07 

.1        4.13 
4.29 
2.92 

13.42  : 

1.58    

2.29    

13.07 

4.82 
4.:tt  , 
6.52  1 

11.90 

2.26 
1.53 

13.20  1    12.74 

11.60   

June 

July 

August 

2.02  !      2.72 
4.48         8.06 
2.40!      0.71 

5.60    

4.80   

2.20    

5.04    

Total  

6.07  1 

15.  tW 

1.70 
5.41 
3.43  1 

7.44 

2.98 
4.85 
0.99 

8.90  1    U.49 

15.44    

4.68 

September 

3.~25"~2.^ 
1.90        1.55 
3.20        3.63 

3^1     

October 

November 

o.:«    

1.36  1 

4.65    

i.ra  

Total 

.       W.U 

6.37  1 

10.54  i 

8.82 

8.a5  1      8.13 

9.89    

Tearly  total . . 

.       a5.67 

25.86  1 

39.2JI 

28.16 

30.45  1    32.36 

86.93        32.67 

a  Granville  record. 
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Table  No.  104. — Record  of  precipitation  at  Saranac  Lake  for  certain  water  years, 
as  indtcatedy  from  ISSO  to  ISUS,  inclusive. 


Month. 

1889.      •      18«).           1894. 

1895. 

1886. 

1897. 

1898. 

Mean. 

Deoembei* 

1                  1 
a  3. 10            3.12         ft  5- 75 

1.84 
1.22 
1.37 
2.JW 
4.34 

3.49 
1.11 
4.28 
4.31 
1.37 
2.47 

1.44 
2.48 
1.50 
2.70 
3.79 
3.41 

2.22 
3.39 
2.48 
1.25 
2.65 
3.23 

January              ..... 

5.43 
3.59 
2Mi\ 

2.77 
1.96 
2.04 
0. 75 
4.41 

Fobmarv 

March 

April 

2.15 

2.28 

May 

Total 

10.51 

17.68 

13.34 

17.03 

15.32 

15.22 

June  _ 

5.85 
4.25 
2.72 

5.(J6 

3.25 
2.46 
4.61 

3.70 
4.19 
2.68 

3.75 
8.55 
2.56 

4.06 
3.16 
4.79 

Jnly 

3.44 
1.58 

Augn^Bt 

..:.::. 

Total 

12.82 

10U8 

1032 

10.57 

14.86 

12.01 

-  . — - 

September 

3.(i9 
4.17 
2.21 

3.58 
4.10 
2. 75 

3.5<l 
1.68 
4.43 

4.75 
1.76 
2.8(1 

2.75 
1.41 
4.74 

4.05 
3. 50 

October 

November 

2.76   

Total 

IO07 
42740" 

10.43 

9.67 

9.31 

8.90 

1031  1 

■■•■••• 

Yearly  total... 

38.19 

36.91 

39.08 

37.54 

37.91 

a  Qlons  Falls  record. 


h  Mean  of  Northern  Plateau. 


Table  No.  105. — Record  of  precipitation  at  Skaneateles  for  thetcater  years  1894  to 

1898,  inclusive. 


Month. 

18W. 

1895. 

1896. 

1897. 

1898. 

Mean. 

Deceinljor-r^^ -  -  

2.16 
2.79 
2.86 
2.23 
1.86 
2.58 

3.S«2 
2.08 
3.84 
5.56 
0.97 
2.15 

1.44 
L77 
1.45 
4.13 
3.16 
3.31 

3.48 
3.69 
2.10 
2.58 
8.63 
6.28 

January , .  - . - 

Pebruarv                               .           .               

March 

April 

May - --- 

Total 

14.48 

18.52 

15.26 

20.76 

June _ -_..-. ........ 

2.(K4 
2.W) 

4.28 

2.31 
5.39 
4.05 

3.15 
4.92 
2.09 

3.50 
1.91 
6.17 

July 

A^UgVLSt 

Total 

9.:i2 

11.75 

10.16 

11.58 

August ... 

5.68 
3.79 

1.91 
0.82 
3.46 

5.08 
3.48 
2.73 

2.73 
0.95 
5.70 

5.53 
5.20 
8.95 

September .... .................... 

October 

Total          

n.i9 

6.19 

n.29 

9.38 

14.68 

Yearly  total 

29.89 

41.56 

34.80 

47.02 

{».32 

764 
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Table  No.  106. — Record  of  precipitation  at  South  Canisteo  for  the  uxiter  years 

1S89  to  189S,  inchmve. 


Month. 

1889. 

1890. 

1891. 

1892. 

1898. 

1894. 

1895. 

1896. 

1897. 

1808. 

Mean. 

December 

4.00 
3.89 
2.67 
4.48 
4.22 
8.64 

4.00 
2.53 
4.72 
3.43 
2.22 
1.41 

3.30 
3.50 
3.40 
3.42 
1.57 
6.74 

1.01 
2.96 
3.58 
3.51 
5.84 
5.25 

2.91 
8.41 
3.21 
1.64 
7.80 
11.46 

3.41 
3.32 
0.97 
1.68 
1.49 
2.79 

4.84 
2.76 
5.62 
3.71 
1.25 
4.18 

1.14 
2.84 
1.60 
3.01 
8.13 
3.18 

2.71 

Jannary 

0.80 

8.90    

February 

2.00    

March.. 

4.53    

April 

4.96 
5.90 

3.85   

May 

8.87    

Total 

27.90 

18.31 

21.93 

22.15 

80.43 

13.61 

21.71 

14.40 

20.45  1 

June 

7.19 
9.25 
8.12 

5.08 
2.31 
7.41 

2.68 
4.62 
5.80 

3.99 
4.56 
4.83 

4.78 
2.70 
4.13 

3.5] 
3.34 
2.71 

4.75 
2  77 

3.88 

6.22 
5.01 
1.62 

8.48 
6.62 
2.60 

2.90  1 

July 

1.75  1 

Angrust 

4.45 

Total 

19.56 

14.75 

13.10 

13.88 

11.61 

9.56 

11.40 

12.86 

11.79 

9.10 

September 

4.56 
4.50 
6.32 

12.72 
6.51 
1.90 

1.20 
3.48 
2.74 

1.40 
2.44 
3.60 

2.76 
4.05 
2.07 

7.12 
4.40 
2.13 

1.15 
1.17 
3.49 

6.10 
6.40 
1.82 

3.47 
1.04 
8.56 

2.28 
4.80 
8.33 

October 

November 



Total 

15.47 

21.13 

7.42 

7.44 

8.88 

13.65 

6.71 

13.41 

8.07 

10.41 

Yearly  total... 

63.78 

38.83 

42.75 

42.64 

53.64 

80.  ?2 

47.97 

84.26 

89.96  1    43.84 

Table  No.  107. — Record  of  precipitation  at  South  Hartford  for  certain  water 
yearSy  as  indicated^  from  ISGS  to  1S79,  inclus^ire. 


Month. 


December . 
January... 
February  . 

March 

AprU 

May 


1^«J. 


1964. 


1S65. 


1866. 


1867, 


18t». 


Total  . 


June 

July.... 
AufiTUst . 


Total  . 

September  . 
October  — 
November  . 


10.12 


3.23 
1.56 
1.75 
2.95 
5.75 
6.53 


4.40 

3.55 

2.60 

1.18 

1.80 

4.74 

6.08 

1.94 

3.30 

0.68 

7.53 

1.G6 

3.62 
1.41 

2.85  1 
1.95  I 
4.59  j 
8.5<> 


1.20 
4.00 
1  10 
2.45 
2.85 
6.20 


21. 


-M 


13. 15  I 


1.92  ( 


17.80 


0.82  I 
1.95  I 
7.G8 


3.99 
4.56 
0.95 


10.45  I 


0.50 


3.(«) 
2.46 
4.34 


lO.tti 
3.73 

2.50 


2.80 
2.60  I 
2. 13  ' 


4.55 
4.55 
e.SiO 


2.08 
2.27 
4.96 


10.45  I 

1.07 
4.96 


17.18 


1.30 
3."  (10 


2.90 
0.80 
1.84 


b  6. 50 
2.71 
8.30 


Total 

Yearly  total. 


.5:^  I        16.  (JO  ! 


9.31 


48. 2i 


Mouth. 


1872 


1875. 


11.31 


18:»). 


7.02  I 
"17.1 2"  f 


17.51 


40.85 


1860. 


1870. 


3.70  4.15 

3.40  I  2.87 

4.85  3.72 

6.15  1  3.58 

1.60  1.85 

2.10,  0.65 


20.30  I 


16.82 


5.08 

3.12 

a  1.76 


9.91 


8.85 
8.70 
1.45 


8.50 


3.10 
13.85 
2.50 


2.15 
2.05 
1.12 


19.45  I 


6.22 


49.66  I 


31.54 


Deceml^er  . 
January  ... 
February . . 

March 

April 

May 


1.72 
2.52  , 
2.51 
3.38 
1.95 
2. 10 


3.72 

3.86 

1.0:^ 

3.42 

1.95 

2.90 

2.:« 

3.05 

2.05 

3.25 

4.65 

1.80 

Total. 


Juno 

July 

August 


.1      14.18  1 


15.  r.}         18.28  1 


3.05  I        6.40 
5. 45  4. 15 

9. 10  7. lo 


Total. 

September . 

October 

November . 

Total . 


17.60  I 


0.95  I 

4.15  I 

3.15  i        4.90 




1.90 

3.18 

2.53 

2.90 

4.85 

0.42 

4.91 

2.95 

2.15 

1.95 

2. 75 

2.17 

0.25 
5.05 
1.70 
1.70 
3.25 
2.50 


19.09  I 


13.57 


14.45 


4.30  I 
5.:)0 

1.85  I 


4.85' 
4.85 
3.40 


3.i0 
4.85 
6.30 


2.00  I        l.tiO  I 
3.50  2.90 

2. 15  3. 40  I 


3.20  I 

4.45 

4.52 


SM5 

6.90 
4.65 


7.65  1        7.90  1      12.17 


14.90 


Vearlytotal-i      39.43  i      41.33        38.70, 


11.45  1      13.10        13.95 


5.70 
1.2(» 
0.80 


0.  .55 
4. 75 

4.95 


0.77 
4.21 
3.61 


10.25 


38.24  I      36.92 


8.59 


1879. 


Mean. 


5.16 
3.00 


3.12 
2.68 
2.66 
8.26 
2.71 
8.78 


18.16 


4.12 
3.74 


4.04 
3.86 


36.99  , 


40.65 


a  Troy  record. 


6  Williamstou  n.  Mass.,  record. 
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Table  No.  108. — Record  of  precipitation  at  South  Kortright  for  the  water  years 

188D  to  1S9S,  inclusive. 


Month. 

1889. 

1800.      1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Mean. 

December 

January  

February 

March 

April ,  -. 

a3.35 
ai.  45 
0.86 
1.38 
2.55 
4.18 

1.94 
2.95 
2.06 
3.22 

\.m 

5.24 

5.25 
4.67 
3.31 
2.Ti 
1.65 
3.57 

4.57 
3.30 
1.U2 
2.33 
0.77 

o.a5 

1.11 
1.27 
4.22 

2.82 

3.:i5 

5.81 

1.99 
2.28 
1.19 
1.25 
2.25 
6.67 

8.08 
1.76 
1.40 

\.m 

8.31 
2.10 

3.23 
?>2.2tt 
4.81 
3.76 
1.48 
2.94 

1.37 
0.94 
1.63 
2.59 
2.91 
6.33 

4.02 
2.84 
2.38 
1.82 
2.54 
4.06 

^y. ::::::: ::.::::::: 

18.48  1  14.67 

Total 

16.77 

~?.02 
5.52 
8.2tt 

17.27  1  'iO.82 

4.66      3.(rt 
2.31       3.07 
5.11       4.21 

18. :«  1  18.58 

15.63 

4.16 
4.10 
0.84 

13.  :u 

17.06 

June 

2.80 
5.14 
6.55 

5.76 
3.50 
7.26 

1.53 
3.11 
4.68 

2.75 
5.50 
2.12 

6.00 
6.56 
6.08 

8.70 
2.56 

8.21 

Jnly 

August 

14.49 

Total 

14.80 

12.08  1  10.92 

16.52 

9.10 

9.32 

10.37  1  16.59 

14.47 

' 

September 

October 

3.81) 
8.31 
4.42 

6.64 

4.86 
1.81 

1.45 

2.58 
2.63 

2.98 
1.13 
2.61 

3.76 
2.05 
1.10 

3.08 
2.:30 

2.69 
2.71 
3.70 

3.68 
2.35 
2.83 

4.87 
0.98 

4.a5 

2.1W 
6.23 

3.88 

November 

Total 

11.53 

12.31  1    6.66 

6.?2|    6.91 

9.42 

9.10 

8.86  1  10.00 

12.00 

Yearly  total 

43.10 

41.66  1  38.40 

39.54 

42.01 

34.15 

31.76 

37.71  1  41.26 

44.22 

30.38 

aMlddlebnrg  record. 


h  Bloom ville  record. 


Table  No.  109. — Record  of  precipitation  at  South  Trenton  for  certain  loater  years, 
as  indicated^  from  1863  to  1876 ^  inclumi^. 


Month. 

1863. 

1864.            1865.      i      1866. 

1867. 

1868. 

1869. 

1870. 

December ....... .... 

2.02           3.72 

a3.27 
2.65 
6.75 
4.25 
1.81 
4.21 

4.10 
2.20 
6.40 
5.30 
5.64 
7.62 

9.85 
6.60 
2.60 
4.60 
8.04 
7.54 

3.01 
6.67 
3.66 
4.86 
4.91 
8.71 

4.ao 

January ......  ...... 

4.50 
4.25 
6.36 
7.20 
2.75 

4.97 

February 

3.01 

March 

6.68 

April 

2.54 

ffiy  .:::::..::::.:... 

2.77 

Total  .  

27.07 

21.44 

31.25 

33.73 

26.61 

26.17 

June  - 

5.40 
6.77 
1.22 

7.14 
6.07 
4.49 

5.80 
0.86 
3.34 

8.82 
65.16 
65.74 

6.46 
10.70 
5.22 

8.81 

July 

6.60 

August  - 

5.26 

7.01 

Total 

12.39 

16. 70 

9.50 

14.72 

22.88 

17.38 

September ...... 

3.97 
4.78 
2.42 

8.07 
2.84 
5.34 

6.18 
3.84 
4.86 

7.15 
2.60 
4.74 

6.28 

6.84 
6.61 

1.18 

October 

8.00 

November  .......... 

4.55 

8.80 

Total 

11.17 

16.25 

13.88 

14.48 

I7.7:i 

12.67 



Yearly  total... 

50.63 

64.30 

54.63 

62.93 

66.62 

66.06 

a  Mean  of  ~ 

Oneida 

Pierpont  Manor . 

Depaurille 

Oouverneur 

Palermo 


..  3.76 

..  2.66 

..  4.85 

..  2.50 

..  3.10 

6)16.86 
8.27 


b  Mean  of — 

Oneida 

Housevllle  . 


5.07 
4.86 


6.60 
4.88 


6.40 
6.81 


2)10.83    11.48    11.71 
~6TI6     6.74    X88 
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Table  No,  109. — Recottl  of  precipitation  at  South  Trenton  for  certain  initer  years, 
as  indicated^  from  IS'U  to  JSTO,  inclusive — Continued. 


Month. 

1871. 

18?2. 

187:J. 

1874. 

1875. 

1876. 

Mean. 

2.45 

2.70 
5.19 
7.34 
4.41 
2.97 

2.00 

i.a5 

5.ti0 

2.57 

cl.05 

3.  oil 

3.13 
3.00 
c-2.36 
6.32 
1.12 
2.82 

a  6. 81 
5.42 
8.21 
3.83 
3.00 
3.5© 

2.61 
2.27 

9.(r7 
2.:« 

3.39 
ri4.12 

2.39 
ft3.72 
7.82 
3.81 
4.86 
5.56 

January  

Febrnary 

March    

April 

May 

Totr.l 

25.06 

1B.1H 

17.55 

3.07 
H.82 

4.87 

30.80 

23.79 

a4T80 
5.71 
5.17 

28.15 

4.76 
4.W 
2.34 

June 

July 

August 

a5.7rt 

4.00 

(75.85 

4.40 
5.00 
5.58 

5.79 
7.23 
3.23 

Total 

15.  HI 

2^^ 
3.8rt 
5.43 

14. !« 

14. 7H 

2/75 
H.H7 
4.72 

1H.25 

1T70 
2.17 

2.85 

15.77 

4.37 

a  5. 33 

5.80 

11.70 

2.85 
62.85 

September 

October 

3.27 
5.12 
3.HH 

NovemlMjr 

Total 

11.  HI 

12.  <  6 

14.14 
4H.45~ 

6.72 

15.50 

11.56 

Yearly  total... 

62.28 

43.19 

53.83 

55.15 

51.41 

53.88 

8.45 
2.21 


a  Mean  r>f— 

Oneida 8.73      6.97    4.17  7.56 

Depauville...    2.80      6.66    4. U8  2.23 

2)ll7S    13.JB    8?^  9^78    10.66 

'5.76     "6.81    4.12  4.80-  '6.3;J 
b  Mean  of — 

Oneida 3.96  7.33    2.20 

Palermo 3.50  4.40    3.30 

2)7.45  11.73    6.70 

3.?2  6.86    2.8i) 


r  Mean  of — 

Palermo 1.10  3.10 

Depauville 1.00  1.88 

2)210  rs 

1.06  2.36 
</  Mean  of — 

Oneida 6.97     6.80  5.40 

Houaeville 4.85      4.88  6.31 

8)10.32    11.48    11.71 

"6.16     ~6:T4  5.85 


Table  No.  110. — Record  of  precipitation  at  Thei^ena  for  certain  icater  years  as 
indicatedy  frtnn  lS*Mi  to  JS6S,  inWti«nv, 


Month. 

18«3. 

IWM.            1865.           1S66. 

1867. 

1868. 

Mean. 

Decemlier 

«r3.01 
2.8J» 
3.40 
2.99 
2.59 
2.ti5 

3.45 

2.78 

bl.62 

1.79 

4. 75 

8.00 

5.18.          2.81 

5.16 
2.00 
1.90 
6.90 
L13 

1.85 
2.06 
Ll»5 
2.22 
2.43 

January  

Febrnary  

1.13 
1.29 
3.6IJ 
3.73 
3.(0 

2.25 
2.90 



March 

April 

May  

Total 

17.  .53 

2.38 
1.28 
2.41 

22.39  1        18.  (K 

1. 

June         

0.77 
0.76 
3.49 

404 
2.71 
1.22 

July 

1 

August - ... 

Total 

6.07 

5.02 

4.30 
6.26 
5.42 

7.97 



Sei»teml)er 

2.62 
3.87 
4.91 

2.67            5.-58 

October 

4.36 
3.01 

3.01 

4.86 

November 

2.57 

Total 

1L40 

15.98 

10.04  1        13.45 

Yearly  total 

36.00 

43.30 

36.03 

88.14 



a  Mean  of— 

Gouvemeur 

b  Mean  o 
2.82            Qonv 

f— 
emeur... 

1.70 

Plerpont  Manor 

8.21 

Piftrji 

»ont  Mane 

r 

1.68 

2)6.03 
3.01 

2)8.28 

i.as 
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Table  No.  111. — Record  of  precipitation  at  Turin  for  the  tvater  years  1890  to  JS96, 

inclusive. 


Month. 

1890. 

1891. 

1892. 

18U3. 

2.99 
3.78 
6.33 
3.40 
4  13 
6.39 

1894. 

1895. 

1896. 
4.38 

Mean. 

December 

5.14 
7.15 
4.83 
3.30 
1.82 
5.tt9 

ft.  74 
5.86 
7.60 
4.18 
2.58 
1.81 

7.00 
6.39 
4.33 
4.03 
1.83 
5.80 

6.93 
3.81 
3.79 
2.76 

2.58 
5.79 

3.24 
5.51 
3.21 

3.2:^ 

0.87 
3.32 

Januftry 

4  42  ■ 

February  

9.11 
4.63 
1.48 
2.96 

March     

April 

May    

Total    

27.93 

28.77 

29.37 

27.02 

25.  t» 

4.70 
2.59 
1.54 

19.38 

1.64 
2.a5 
4,42 

26.88 

Jane 

4.(W 
7.47 
6.40 

3.25 
6.94 
4.92 

5.4;i 
4.92 

9.00 

4.25 

2.58 
7.09 

July 

AuiTUst - 

Total 

ltt.9« 

15.11 

19.35 

13.92 

8.8:3 

8.91 

■ 

September 

7.32 
5.47 
4.99 

2.05 
3.60 
7.03 

3.37 
2.05 
4.95 

8.36 
1.97 
3.80 

4.51 
6.36 
3.38 

3.99 
3.71 
5.27 

1 

October 

November 

1 

Total 

17.78 

12.68 

10.37 

9.13 

14.25 

12.97 



Yearly  total 

«2.67 

56.56 

59.00 

50.07 

48.74 

41.26 

..  .  .         .w  nil 

Table  No.  112. — Record  of  precipitation  at  Utica  for  certain  water  years,  aa 
catedf  from  18-26  to  1893^  inclusive. 


indi- 


Month. 

1«». 

iSJi. 

lB5ft(. 

issai. 

1S».    183L  ,  183S.    1833. 

W34, 

a.  31 

1.T9 

3,87 
3.  IS 

Lift 
8.  Oft 
2.6& 

0.51 
3.  MO 
4.3;^ 

18S7. 

December,...*...... 

nS.OO 
3.4« 
f.ll> 

3;j7 

1.30 

o.»:j 

fi.37 
3.3rt 
:;.94 

I.B3 
5.18 
3.W 

a.  no 

L79 
2.n^ 

0.«J 
1.41 
0.7B 

0.31 
S.82 
3.00 

1S7 

a  Hi     3.M     3.8B 
aw     3.Jfl     3.13 
0.£J     Z.'SA     1.06 
5.61     l.ttU     1.4^ 
2.18     fi.33     1.65 
4,P7     3.W    £.30 

5.15 
2.17 

1.39 

ora 

4.30 

2,fll 
1,« 

3.«i 
a,  23 

S.61 

January .,,__. 

FebruaJT — 

Mar<!h 

Apiil 

Slay     -' -' 

Ttstal.... 

14.  ae,  33,74 

10.51 

ia.06 

1»,5»  'ie.73   I8.:f7 

UA^ 

15.45 

14.77 

IU.31 

June 

July.,.. 

Aufftut ,,., 

7,46 
3- aft 
0.73 

3.43 
7.60 

4.«e 

ft,  16 
7.54 

4,fl« 

3,40 

a.  ft: 

S.11 

^l8- 

fi.*4 
2.10 

a  S3 

4.3i 

].9D 

a» 

11   44 

8,  AH 

5.1)0 
a  SO 
3.1)7 

6.60 

3.(» 
1.7S 

0,91 

Total.. , 

1L6*     16,01 

17, «» 

a  48 

15.47  13.:i0  1ft.  W 

12.45 

13.16 

in.  IT 

5.tt3 

.  ..,. 

Beptember ....._,,,, 

1.03       4.rj0 
2.4«       3.flO 

4,:» 
zm 

4.15 

4.m 

s.ea 

1.4ft 

4.55 

3.nj 

4JMS 
3.IM 

2.85 

2  119 

1.88 
2.60 

3.57 
1,27 
l.ftj 

October  

L33 

1.57 

t*.31 

November , 

Total. „. 

T.04|11,M 

ii,ca 

10.57 

11.66  |4.38 

13.^ 

11.46 

fl.03|  a.iio(6.«i 

TearJjtotal-. 

ffi.S0  :  61.20 

m.^ 

mio 

46.71!  135.  HI 

4^.63 

441.33 

35.^  .39.34  ;3L7ri 

1           1 

(a  Mean  of  Decembers  from  1826  to  1847.) 
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Table  No.  112. — Record  of  precipitation  at  Utica  for  certalfiirafer  years,  as  indi- 
cated, from  IS^tJ  to  ISiKi,  incluftive — Continued. 


Month, 

ikh. 

1H«1. 

IMl. 

1]44CL 

lf(4dL 

S.4W 
6,50 

1M4L 

3.51 
1.70 

a.fis 

a  97 

4.07 

134/k 

laiid. 

*10 

Leo 

£LUO 
L&4 
0,90 
4  7* 

184- 

U^L 

vm. 

DecsjQlber 

4.13 

LS5 

1.4*1 
4.11 

3,118 
1.T5 

fi.33 

aj8 

0.75 

4,«e 

137 

*I.S3 
140 

4,«) 
4.M 

&.01 

]e,7A 

aao 
a.  54 

3.23 

3.00 

^M 

January ,  ,«.^^.  ,,,,^., 

3.7S 

FebmBTT  -1* 

4.3A 

i.sa 

Marcb - 

3.34 

April - 

3.40 

May,. .»:.:"„.„.. 

2.77 

3.sa 

ToU],.._ 

3a.»4 

1T.1(» 

2E^.»tt 

;fi.;f7 

13.38 

le.fii 

i^.:(s 

g1.3» 

Jquq,.., .**<.,^«. 

3.fi5 
1.08 

a:i4 
4.  IT 

4.04 
4.00 

5.  a; 

7.3i'i 

4.75 

3.11 

4  83 

1 4r 

4.es 

7.00      2  «S 

Jnly -.....-_. 

7.  lift 

6.B2 

Tottl -„..-.... 

»,4J0 

It  48 

11.40 

1«.54 

lfl,7S 

I*,fi3 

»,  1* 

10.43 

1L37 

September , ^,, 

u,15 

4.(W 

S.56 
1.66 

3.^ 
S,*l 

6,ftl 
9  J  HI 
SIB 

;;.i; 

3.34 
3.45 

2.4*1 
4.7tT 

4,0? 

a.4B 

4,6«l 

a.c« 

3.10 

ije 

3.H7 

Octol«r 

^m 

Noveinlj*!*  ...^,,..,, 

i.Re     5,s^ 

Tot*l- .„ 

mEt^ 

s.is 

11.  JO 

13.  ly 

8.96 

*.8rt 

u:.ia 

i;j.iM 

11,14 

YenrlytoUl... 

Bl.UH 

48. « 

IS.OO 

w.oo 

4*i.Bft 

r™ 

4o.fle 

«i.3i 

(40.48) 

.._..,   48.71 

Mouth. 

IrtSa.      Ifl54. 

KfflO. 

1^1. 

iMfif. 

1803.      IHU. 

l»ll. 

Wfsi. 

^' 

l8Bi 

Deoemuer 

January      ..        . 

4,80  :    1,75 

c%m      3.00 

ZAf^      3.44 

3  80      4.1M 

1,30 

2.10 
3.13 
2,11 
3.B 
4,32 

l,ld 
4.fiU 
3.43 
A,  38 
1.74 
4.M 

2.64      3.07 
«.1S   ....... 

3,oa  .,„.,. 

2,41    . 

1.^   „ 

3.158    ....... 

63,77 
LOO 
3-67 
2.08 
0,60 
3.4» 

8,73 
2.68 

3.04 
4.78 
L3B 
6.12 

3,W 
LM 

aoa 

0.68 

o.n 

4,39 

2.48 

2.  err 

F^ftjniiirv ,--- 

4.84 

March  .1 

4,02 

April ..-_,*..,.,. 

£.ai 

3,83 
19.04 

L3I 

my.::::::::::::::::: 

3.54 

4. IKS 

Total 

15. 4» 

19.42 

19.02    ....... 

lan 

94.08 

13,  Hf 

20,44 

Jnne  . ........... 

Jtlly 

August _.. 

1.41    ....... 

c3.oe  - 

2.28   

3.4fl 

1.74 

2,32 

3.  SI 

4,*7 
L77 

2.00  ....... 

5.il5  ,„„.,_ 
&.U  1....... 

2.  lie 

3.S9 
1.56 

7.  IB 
L«3 

5.38 
fi.lO 
LSI 

1,13 
2.M 
3.38 

Total 

fl. 80  !...__,. 

12,  Si 

^.m 

13.3S    ....... 

7.88 

13.78 

11.60 

7.35 

Septembpr. 

Octoli«r-. ....,,„„„ 
Novemher 

5.51 
7.37 

^ 

3.34 
3,68 

4.48 
2,02 

5.BT 
fi,13 

3.48    ....... 

3.6fl   . 

4,38   

2.51 
0.67 
4.23 

3.33 
1.25 
3.28 

4.18 

3.61 

3,ie 

4.  Si 

3  eo 

Total,.- .„ 

ULfiB 

12.44 

13.02 

U,M 

lo.aa  ....... 

13.40 

8.75 

11.66 

W.7H 

Tenrly  total,. 

4S/nS 

40.78 

43.11 

45.73   ,.,.., 

as.  OP 

44.lt) 

W.S4 

37.65 

a  Whitestown  record. 

6  Mean  of — 

North  Volney 2.00 

Oswego 4.24 

Palermo 1.88 

Sacketts  Harbor 2.96 

4)11708 

"2:7t 


c  Clinton  record. 
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Table  No.  J  1*2, — Rfconl  of  precipitation  at  Utiva  for  certain  neater  years,  as  indi" 
vatedy  from  IS^'H  to  LSO.i,  indnsivr — Coiitiuued. 


Month. 

1 
18K5. 

3.76 
2.42 

l.:« 
3.:)6 

3.06 

2.6:J 

3.41 
6.37 
2.51 

12. 2J* 

5. 98 

7.10 

1H87.   ' 

1 
1888.  1   18h9. 

-L. 

4.06  '    3.12 
3.:J6  ,    4.:t» 

1890. 

3.31 
6.14 
4.79 
4.15 
3.5*1 
8.69 

:*».64 

~6.19' 
3.nl 
4.37 

13.57 

8.25 
7.01 
3.77 

19.  (« 

t«.24~ 

1M91.      1x92. 

5.90  1    6.77 
4. 18       5. 78 
5.:j5      3.37 
3.77       4.65 
\Ji\      2.14 
L.W       7.00 

1S9«. 

l.t*8 
1.92 
7.79 
3.16 
3.48 

12 
years' 
mean. 

Mean 
of  36 
yean*. 

Decemlier 

Jannary  

February 

5.  (Hi 
2.32 
2.26 
0.76 
1.92 
4.26 

16.  r>8 

~3.09 
6.68 
7.(H 

16.81 

~2.14 
7.95 
4.99 

1.72 
4.65 
7.(^4 
2.76 
2,49 

2.06 
4.JK) 
3.tiH 

9.79 

2. 511 

i.mi 

4.(6  1 

8.51  1 

"39.24~j 

i 

1 

2.W 
4.ti2 
2. 87 

4.(^ 
3.25 
2.71 

1  

March 

1 

April 

1 

Mky     .      ..     

4.09       2.49 

21.97  \~19.W 

4' 55  1    9.19 
l.m       5.49 
3.85       1.72 

9.if6     16.40 

"UKJ  ,~3.J« 
5.52  1    3.91 
4.90  i    3.8:j 

14.(J4  1  11.67 

7.84  |....... 

22.26 

Total  . 

29.71 

2ti.l7 

, 

June 

2.60       6.29 
3.79      6.(H> 
3.;i2       7.95 

2.35 

July 

5.:t»  1 

Augrust 

6. 57 
14.24 

Total 

9.71 

a».24 

_ 



8ept«inl>er 

1.46 
3.(i4 

3.;io 

3.?2 
2.59 
4.28 

October 

November ........ 

Total 

15.08  1  16.77 

8.40  1  10.59 

(45'.'46> 



Yearly  total... 

48.47 

45.  IK 

45.97 

4H.II0 

40.37 

(to.5( 

42.38 

Table  No.  118. — Record  of  pncipitation  at  Waterford,  for  certain  n^ter  years, 
as  indicate.dyfrorm  lSo7  to  IStiS,  inclnsii^e. 


Month. 


December . 

anuary . . . 

February  . 

March 

Aoril 


Api 
Ma; 


Total . 


June 

July.... 
August . 


Total  . 

September  . 
October  — 
November  . 


Total 

Yearly  total. 


1K57. 


IKV. 


3. 79 
2.07 
1.3:3  I 
0.60  ; 
2.1*5 
3.65  ' 


4.78  I 

4.5;j  i 

5. 19  1 


14.:fli  . 

2.74  ' 
6.ti2  I 
3.40  I 


14.50  I 


2.1« 
4.K5 
1.4<» 


^2.^-6  I 

~3T7  , 
2.42 
3.10 


36.44 


18.59. 

2.  .58 
3.22 
2.01 

3.14 : 

3.  hi 
1..V*  > 

16.  ;u  I 

4.24 ; 

2.41  ! 
2.r4i  I 

9.31  I 

4.27 
0.76 
3.11  , 

H.14 

~  ;«.  79~ 


1860. 
3.  78 

1861. 

«i2.30 
3. 15 
2.27 
3.80 
5. 67 
3.99 

18«12. 

1.47 
4.08 
2  22 
3!  54 
1.97 
l.(J7 

186:{. 



1.26 
4.64 
2.(W 
3.66 

Mean. 



5.48  ' 

21.18 

"[772 
5.SJ 
3.54 

U.:iG 

7.70 
4.00 
2. 98 

14.<i8 

1.00 
3.08 
3.05 

TTT       .-..^ 



'          ..." 



10.59 

2."79" 
3  **" 
2.37 

_ 



'          .." 



8.* 
40715 

7.13 





3ti.ll 

IVf.tSZ 

II.  Doc*.  14U- 


-•iU 


u  Troy  reconi. 
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Table  No.  114. — Rect)rd  of  precipitation  at  Watertoicn  for  the  tpater  years  1862 

to  ISiKH,  inclusive. 


Month. 

,«.. 

ItifiS. 

1864. 

IMO. 

iHflfl. 

1H«7. 

l»«i. 

lUflB. 

isfltt 

M71. 

181^ 

1S73l! 

1174. 

Be^em^ier 

FelirUiry 

3.09 
2.4il 

i.Si 

3S1 

4je3    2.65 

S.l»4  10.^ 
Q.fiA  !  ^.64 
4.16  15.70 
3.71  1  3.10 

2.  tiy  1  3. 11 

4.1)0     lh«£     l.ltt 

r2tt   ;i.;w   o.Hu 

1  7l»     0  77     4t  M 

2,41  i  a.  81 
a.87  ,  [».«4 
«  ^      t  RA 

2.n 

l.iJO 

1.1.\ 

2.au 

O.f^ 
2.35 

2.3T 
3.a» 

o.ao 

4  55 
1.90 

l.ut» 

l.Tl 
6.15 
2L14 

Viin;h 

£.83 

a.  IS 

o.(W    \M    i.asls.  u 
5.67     3.47  !,:!.»*  1  L13 

274 
2.95 

L4g 

2,  .13 
1.W5 

o,«e 

Total 

ll.6d 

16. 3£ 

i».a8 

t7.ft£  ilK  iyj 

la.33   lU.Stf  1  (i.a*   U.M 

u.n  jfl.o^ 

ia«i 

15.10 

Ararat 

l.SS 

8.35 

S.87 
a.  80 

0.7« 
614 

2.68 
1.43 

LTV 

6fi« 

0.71 
£.4£ 

l.fifi 

1.7B 

1.16 

2.60 

».21 
one 

I.T3 
l.M 
1,40 

2.74 

2.0G 
3.33 

4.03 

2.40 
0.aO 

2.34 
4.37 
1.00 

Total..-,.-... 

6,3S 

10.33 

0  7S 

{i.a5 

11. £0 

4  68 

4.*^ 

tt.^ 

4.7B 

It  14 

^,m 

7.SB 

7.71 

Sopt^mber..^ .^ 

4  5T 

tr4 

4.£e 

fi.70 

a.2r 

3,21 

6.^ 
B.OQ 

3.£i  Ull 

L90  1  S.^ 
0.90    bM 

5.  IT 

4.4^ 

Las 

3,33 
1.3& 

a  iitv 

ft.  74 
4.70 
3.74 

1.7+ 
4.00 

2.5S 

2,57 

October           •-*.** 

4  77 

I^q>vninlKiF 

2.30 

«»p-*  ,  .. 

***"  1 "-  -- 

Total... ._ 

T.dO 

13,41 

12.78 

12.iffi 

17.  [fit 

n.31    10.  »1 

&.06 

7.34  1  0.04 

10. 1« 

S,B2 

8,70 

Yearly  total . 

as.  (FT 

40.(6 

^.^ 

U&.41 

47,87 

:».1Q  36.34 

»a.£4 

>24.4A  W4e 

^.41 

2{».W 

;&M 

Month, 

ie^. 

WK 

1?*7T. 

i*rra. 

1^;^. 

1890. 

1»8J, 

1«S2. 

laaffli 

1«84. 

4  so'  4.BI 
4.53,  2.60 
2fl5     2.25 
i  47  .  4.18 
^.m    a7fi 
1.77  [  2.40 

1837. 

Dieocmber  •^.*,.>.. 

0.8S 

1.38 
1.60 

i.m 

13T 
L7t 

4,30 

3!.  IS 
1.42 

2.66 
Ov47 
1.6D 

1  sa 

1.37 

1.40 
IM 

1.76 
l.t<Q 

\.n 

1,415 

a  4a 

l.«7 

2.4e 
2.64 

a.ai 

l.tf* 
L7S 
2.67 

2.80 
2.30 
%M 
2.04 

0.40 
4.07 

LflT 
2.13 

i.ai 

4.  IB 

2,76 
2.ftS 
3.28 
1.70 
L37 
fi.04 

2.31 
3.37 

S.34 
0.41 
2.63 

3,50 

jauaary            _•■« 

3.30 

February  .  .-^,  ..-. 
Marcti 

3.68 
1.51 
1.118 
1,0& 

Totid „,- 

^.^ 

{K.TI 

U.ii4  '10. 70 

.11 ■ 

utsi 

14,€e 

34,73 

15u2S 

17  13 

14.  U 

m.m  |2U.41 

16.04 

JiLiie.  ,„*..„—,..* 
July. 

1.60 

£.3 

l.Bl 
2.  IIP 
0.311 

1  #7 
1.04 

1.43 
4.60 
H.37 

L2» 
1  f« 

l.H« 
L70 
2.i0 

2.S4- 
1.04 
U.99 

2.ei 

3.40 

1  116 

O.fil 
a.4P 
4.W» 

3,70 

a34 

2.m 

2.as 

3,0& 

1.52 

1.98 
1,05 

Total, 

4,07 

i.m 

^.m 

14,40 

5.01 

R.78 

4.37 

aatt 

8.74 

B.e3 

8.42 

7,76 

4.ia 

Bept**nibt*r- ... , 

October 

?4(9 
£,44 
1.47 

2.41 
1.22 

2.9t>  i.iia 

OJKS  f  4.1A 

0..>£ 

?.71 
4,27 

1.14 
2.31 

2,94 

0.62 

2.7tl 
2.78 
1  U 

3.ce 

1.44 

3.48 
4.16 
3.fiO 

4.01 
1.23 

4.M 

2.00 
2.4U 
3  12 

Total.-.,.-,. - 

G.!IT 

fl.ia 

5.t)M  1  9.:i:£    «.14 

[tt.37 

rt.3(J     4.tH 

7.  as    8.77 

11. 13 

10.48 

6,52 

Yearly  total . 

SMtt 

r" 

""' 

M.\tl 

■W.:iu  3tt.lK 

1 

2fV.4H  ^.28 

ftj.iM.3i  eo  mm 

m6& 

26.7^ 

Mouth. 

1888. 

188». 

IfWJ, 

18WI, 

If^ 

1 
ltMl3>jltN»l 

1895, 

1 

1883. 

Mmd. 

December 

January 

February  

March... 

April 

May 

2.83 
^.50 
1.34 
2.«8 
1.17 
1.3b 

3.08 
3.87 
2.17 
1.52 
1.80 
5. 49 

3.2» 
4.4[ 
2.78 
2.04 
I.IW 
5.44 

3.rK» 

2.7t» 
4.14 
1.43 

0.U2 

4,20 

li.Ol 
2,44 

tM 
I  28  ' 
ft.  4^1 

3.49 
2.54 
3.6^ 
3.14 
3  21 
6.24 

5,01 
3.34 
2.12 
.1  " 

4.77 

2,sa 

a.  77 

i.7l> 
2.4l> 
3.15 

5.08     1.52 
2.K!     t.^\ 
0.43     2.6^ 
4.W4     4.1KJ 
1.40  1  3.6(J 
2.5fl  ,  4.4;t 

4.71 

5  ft^ 
2.26 

I-7tt 

2,  no 

:i.4l 

::::::: 

Total 

10.82 

18.  (tt 

IH.Jfli 

U.t8 

21.04  1 

2^30 

l».ft4 

14.95 

iSaaMiaTO 

10.81 

Juno                  

1.71       4. 00 
1.85       4.40 
4.08  •■     1.72 

2,75 
4,81 

1.66 
7.66 
4  06 

5.03 

10  25 

2.66 
7.86 

4.  BO 

3.28 
8.  HO 

2  U 

:?  K.>v  1  1  (m 

1.00 
1.57 
4.30 

July 

August 

S.04     4.iJe 
4.67     3  44 

2.tH 

H).  12 

"4.00" 
3.35 
ii.OO 

"20.35 

— . — 

Total 

7.64 

8.(M 

1^.40 

12.60 

8,53 

10.72 

11.11 

9.W 

T.U5 

September 

October 

November 

1.89 
3.20 
5.23 

7.2r» 

3.4H 
1:1,11 

2.  TV* 

ao4 
4.i>.'^ 

3.M 
2.J« 
5.6« 

2.rJ3 

5.00 
6.72 
2.14 

4.3; 
2.15 
4.82 

4.21 

1. 78 
4.41 

I  44 

0.80 
4.87 

4.05 
4.S8 

ai3 

.;!:::; 

Total    

10.32     12.  a5 

low  ll.U 

7.10 

13.  m   11  58   10.43 

7.17 

11.40 

Yearly  total. . . 

28.78 

40.49 

4a.  <H 

3ft.  56 

S3, 33 

41.  M) 

42IJ3 

37, 2&  44.  »4 

^.55 

W.IS 

S0.58 

a  Rutland  record. 
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Tabi  E  No.  115. — Record  of  precipitation  at  Waverhj  for  the  water  yearm  JSUo  to 

IS'JS,  inch(.siv<\ 


Month. 


December 

January 

February 
March   ... 
April 
May 

Total 

June 

July.  

Aui^ust 


Total 


September 8.24 

October 


November 

ToUl 

Yearly  total... 


5.24 
0.97 


2.38 
4.:J2 
2.<J7 


14.45  I 


8.75  I 
"37720" 


13.41 

10.81 

5.57 
2.:i4 
1.61 

8.6*1 

~5.3r 
5.55 

l.a-. 

8.2:J  1     10.33 

'  l.W        3. 57 
0.K5         4.90 
l.«(P         3.58 

lO.tfi 

11. OH 

""l.t*7 
5.H5 
3.55 

3.27 
l.:« 
3.71 

3.43 
0. 79 
3.tS9 

6.:« 

9.53 
~T».  ^ 

12.84  1      4.3S  1     11.(6 

7.90 

10.37 

:rr.oo 

40.rt:> 

35,  lo'     37.71 

31.88 

38.34 

'  37. 19 

Table  No.  116. — Record  of  precipitation  at  Wedfjemnni  for  the  ivuter  years  1SS9 

to  1808,  iiwlusitr. 


Month. 

1889.  ■  1890. 

1H91. 

18!«2. 

1893. 
0.71 

1894. 

1895.      1896. 

1897. 

1^. 

Mean. 

December  ........... 

al.34  '    2.40 
3.63      2.67 
2.38       3.52 
1.14  :    4.09 
3.02      2.74 
3.17      7.04 

3.84 
3.48 
3.H8 
3.11 
2.46 
0.89 

3.85 

1.71 
3.10 
3.09 
1.00 
6.67 
8.01 

3.15       3.51 
3.30      1.72 
0.85  ;    5.02 
l.(Ji)      3.43 
1.56      2.52 
2.71       2.98 

1.42 
1.85 
0.87 
2.54 
2.72 
8.72 

1.90     ..  .  . 

January  

February  

March 

April 

May 

3.50 
2.50 
3.81 
1.08 
5.17 

2.2:^ 
2.49 
2.«J 
3.55 
.V37 

3.73   

1.88    

2.68   

2.91    

3.4()  1 

Total 

14.38     21.48  1  Ift.tIB 

19.91     17.38 

23.58 

11.56     19.18 

1»  19 

15.47  • 

6. 70 

June -. 

3.52 

2.43 
3.45 

4.58 

4.35  '    5.51 
7.24  :    3.55 
4.02  1.  5.61 

2.59 
2.49 
1.41 

3.98       6.23 
3.31  ,    5.02 
8.27  1    1.54 

2.74 
3.43 

2.72 
3.48 
4.(J3 

—     — 

July 

7.16       1.02 
4.r3      5.48 

Aufcmit  .......... 

Total 

18.59 
3.34 

10.  «e 

9.46 

15.61  1  14.67 

6.49 

14. 56  1  12. 79 

9.21 

10.83  I 

Beptemljer....... .... 

H  xi :    0  M 

0.75  '    2.83 
2.20  i    2.57 
3.35  1    1.60 

6.91 
4.32 
1.86 

1.32      HJti 
1.02      4.43 
3.37       2.t« 

3.66 
0.74 
3.30 

1.86 

5.95 

,2.73 

October 

November 

3.31  ;    5.45  1     4.19 
4.HH       1.58!     1.77 

Total 

10. 53 

15.56  1    «.ti2 

6.30 

7.00 
38.95 

11.99 

5.71  i  11.47  1    6.60 

10. /H 

Yearly  total . . . 

43.50 

47.04 

;k.74 

41.72 

43.06 

31.m:J  I  4;}.44  1  2S.93 

36.84 

38.70 

a  Geneva  record. 
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Table  No.  \\1.— Record  of  preeipitatum  at  Wh  it  esboro  for  the  water  years  183^  to 


Month. 


December  . 
January  . . , 
PeJ)ruary.. 
March 


day 


1834. 

a  2. 61 
2.40  ' 
1.31 
2.20  I 
2.50  I 
2.28 


iKi-). 


I83ti. 


18:J7, 


I 


1.79 
1.77 
1.37  I 
1.2I» 
3.00  I 
0.99  I 


Total  . 


13. :«  I        10.30 


June 

July.... 

Auin^st . 


Total  . 
September  , 


»epte 

October. 

November. 


Totol 

Yearly  total.. 


2.92  . 
3.a5  ; 

1.42  I 

7.69  I 


1.2:3  I 
2.60 

1.42  I 

6.25  I 


4.36 
1.98 
2.66 

9.00 

2.39 
1.03 

5.16 


2.3:j  : 
1(J.31  : 
2.97  I 
0.81  I 
2.40  I 
5. 15  ! 

2:1.97  I 


1838. 

1839. 

1840. 

Mean. 

1.30 

2.(e 

0.4:3 

0.  r.j 
o.:« 

0.4^S 

1.46 
3.99 

2.36 
0.21 
1.06 
2.61 
4.21 
2.54 

0.83 

1.55 
1.08 

3.40 

1.60  I 
1.73  j 
2.00  1 
0. 76  I 
0.64  I 
0.88  I 

7.61  I         10.08  ! 


4. 70  . 

2.  «> 

1.21 

0.69  ' 

3.50 

2.6:J 

1.08 

2.08 

3.6:t 

7.4.) 

12.99    

3.91 
3.90 

2.:s> 

3.80    ... 
7.65   ... 
7.60    ... 

.... 

4.20  I 
2.60  ! 
1.44 


8.24 


8..W  j 

1713 
3.92 
2. 4.3 

7.48 


10.06 


18.94 


36.30  I        24.44J  I        :«.68  |        23.62 
fiUtica  record. 


2.71 
4.21 
2.14 


1.64 

0.70 

2.41 

6.05 
6.45  , 
3.01 


9.06 


4.75  I        15.51 


36.61 


22.36 


47.44  1 


29.91 


Table  No.  118. — Record  of  precipitation  at  WiHiamstown,  Mass,,  for  certain 
tcater  years,  as  indicated,  from  18F,*  to  ISOS,  inchisive. 


Month. 

1852.    1854.    1855. 

1 

1856. 

1^57. 

1H.V.      1859. 

1860.      1861. 

l8rtS 

•• 

1863. 

1864. 

IV»<».ernbf>r   ,    

1.10      6.6:3 
2. 52       2. 23 

3. 7(i 

:3.86       1.74 
2.9J>       7.:33 
1.00       1.74 
1.06  1     4.62 
2.24  1    3.88 
:3.54    62.19 

5.05       3:37  1  2.13 
1.05       1.02     3.65 

4.13 

January  

L24 

February 

1.4:3 
0.21 
.5  64 
2.85 

0.96 
1.65 

3.68 

2.37  2.92 
2. 30       4. 41 
1.02       5.32 

2.38  5.25 

1.49 

March    1 

2.24 

April 

May 

5.(« 
3>30 

2.(W 

1.92 

6.25    

1.98 

Totol 

1 

1 

13.75  1  19.81  1 

14. 
2 

m  1  21.50  1  14. (»7  i  22.29  j.... 

- 

13.00 

June                             ' 

5  48 

63.44 
1  •»7 

4.V»6* 
5. 19 

':3..*e 

4.87 
1.76 

H*i     hi  07   \     1  on         •>  08 

1.5:3 
9.87 
5.24 

1     1  64 

July           .* 1 

6. 75 

4.;37  1    3.46 

7.18  1    6.00 

'     1.91 

August 

3.56  !  14.79 

5. 
12 

77  1    2.56 

4. 86  1    4. 

14 

1    4.96 

Total  - 

1.^  Ttt 

19.50 

»K  ,  10  !«  1  iiv  i:{  1  i'> . 

..._ 

16.64 

8.51 

2.97       3.78  1    5.07       3.82 
:3.15       1.31       2.48       4.15 
:3.11       3.(4  1    4.43       3.17 

September 

October 

1 

6.18  1  1.92  1    4.25 
1.93   12.flCJ  1     1.20 

4.71  1  4..T9  '    2.51 

"3.(6 
2:32 
4.26 

:3.06 
.    3.58 

November !  1 

3.16 

1 

! 

9.J»5  1    9. 

14 

Total ' 

11.82    19.44  1     7.»»i 

HI  1    8.13  1  11.98  1  11. 

9.63 

1    9.80 

1 
48.98  1  47.27 

Yearly  total..  J 



1 

:te.88,39!92     42.18  1  45. 

'*. 



[31.11 

Month. 

1865. 

\m 

\.      1867.  '    1S» 

VK.       1869. 

1870.  1  1> 

CI.       18?2. 

1875. 

876. 

1877. 

December 

January  

4.18 
a  2. 60 
1.04 
5.29 
4.10 
a7.5;j 

'*.  12  '    3.  75  i     1.  iV) 
1.01        l.(V>  i    2.42 
L78  1    2.:i'i  1     1.95 

2.49 
:i.52 

:i  78 

4.41       (1 
5. 46       1 

.76       -AXl  ' 

.12       1.05  1 

1.44  1 
;3.52  ' 
4.48 

4.()8 ; 

:3.52 
2.69 

3.00 

February                 

5-80       \.^)                ' 

0.23 

March 

April                    

1.76       1.:J8       1.30       4.44!     4.76       3.(6       3.56 
0.75       3.96       2.60       3  16  i    3.2S»       2.29    

4.64 
1.29 

May 

:v:&<      f»  (Ml      .-»  m      a  •>s      i   'T      •M9 

Total 

24.74  1  10.  ^ 

i\  1  18.99  i  15. 

i8~~l747  |"T 
k't       'AM        0 

15  1  20.67  1  24.99     11 

785~ 
72 



2>.:U3 

Juno 

July     

2.9:1  ;    4.; 

4.83  1     4.( 

22       3.84       .!.(«  ,    4 
37       5.17       :J.89       4 



3.51 
:3.1H 
5.06 

(t..5e 
6.77 
l.(W 

4.23 

Auipist 

0.65 

8.41 

~2.27 

;    3.38       5.21  1    3. 

40    M.76       .^77       6.5:3 

Total 

11.81  1  10. 2y  1    4. 

!«l  1  10.  77  1  14.  71  1  16. 10 

12.51 

14.99 

2H)  1     6..'iO  1     8.18 

September 

4.97  ,     2. 

2.24  1     l.(W 

3.49 
5.26 
3.84 

3.85 
0.79 
.3.56 

October  

November 

Ti.Ti       2.37       L27       0 
1.79       4.00      3.39  1    4 

W     10. 6H 
42       1.00 

85  1  14.95 

Hi*'  ~m.W 

A.:M)\    2.00 
2.25  •    2.74 



Totol 

9.  :KJ 

11.  r 

U  i     6.8»-)  1  11 
♦5"   ;J6.i4  1  31 

8.  79  .    5.  74 



U 

;.59 

8.30  j 

Yearly  totol  . . . 

42.48 

;«.i 

48.49  1  :t.'.72  |. 

43.52 

«Soi 

ithHa 

irtford,  N.  Y.,  rec< 

3rd 

6Ti 

roy  rec 

ore 

i. 
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Table  No.  118. — Hecord  of  precipitatiim  at 
irater  years,  as  imlicated,  from  ISoi  to 


Willkivistown,  Ma^s,,  for  certain 
JS9S,  inchi.'iive — Continued. 


Month. 


1S78.   1S7U.   lSS<>.  ;  1S81.   1SX2. 


DtX'omlKT  .. 

January  

February... 
March 


Apri 
May 


a.7(» 

2.(Nl 


2.5J» 

2.M) 
1.4« 
4. 


I    2.5H 


Total . 


June 

July 

August  . 


Total 


September. 
October  .-. 
November. 


3.25 


I    1.55 

'    4'.U) 

3.16  I    :V5» 


i.tei 

I    3.(W 
4.29  I 


Total 

Yearly  total . 


4.62  I  3.(19 
0.«j  2.445 
3.4:3  I    1.51 


8.97  :    8.SW  I    7.(W 


;w.  95 


2.39 

1.8.S 
6. 19 

2.:« 

'6.5ii 


v.m 


2.  OH 
5. 16 
1.(12 


8.26 


2.26 

2.28 
3.33 


5.04 

2.23 

i>3.31 

2.:i'> 

1.72 
4.2ii 


18.91     11.24 


188:1. 

1S»4. 

O.JW 

a0.9S 

1.75 

2.m 

3.76 

(1  .S7 

3.89 

l.W 

1.8:{ 

3.  .si 

2.51 

18S5.      l.^?*«. 


1887. 

1888. 

4.04 

4.30 

6.29 

3.20 

4.50 

2.18 

5.15 

7.89 

3.2:} 

2.80 

1.31 

3.64 

'  211.05 


23.01 


7.87  I    8.54 


3.19 
4.. "19 
3.92 

l.(i5 

1.48 
2.87 

2.72 

4.2I» 
1.56 

4.l« 
10.82 
7. 00 

3.90 
1.23 

4.48 

10. 70 

11.01 

8.48 

22.18 

9.61 

2.()4 
3.32 
1.65 

0.58 
2.9K 
2.92 

1.6.) 
3.12 
3.97 

4.31 
2.6(» 
5.80 

2.30 
1.13 
3.77 

4.21 
5.06 
4.12 

7.61 

6.48 

8.74 

12.71 

7.20 

13.30 

:W.  79  I  36.98     2JI.55   ;«».8:)  j  42.49  I  5:i.l«)       4*1.01 


'I' 


Month. 


IHA*.      ISW.      1M»1.      \H\*2.    I  1M«.   '  1?«»4.      1895.    ■  1896.      1S97.       189H.     Mean. 


Decemlwr ;    :^.3H 

January r2.I»« 

February I    1.22 

March l.in 

April '    2.:il 

1.7s 


Apr 
May 


Total 


June 

July 

AufiruMt 

Total 

September 

October 

November 

Total 

Yearly  total 


12.  T5 

5.08 
5.  HI 
2.94 


13.83 


1.75  I 
1.87  I 

i.;o  I 


:i.ii 

0.71 
,2SI 


1.13  2.10  I    :i.tJO  2.93 

1..S2  ,l\»i  I    0.77  :<.50 

3.16  2.10  1    2.22 

16.  HS  ,  i:i.42  I  12.7(»  16.  (W  ,  22.18 


1.46  4.r,l  .... 
2.iV2  5.25  ;. ... 
1.37  ;  2.15  I.... 
2.47  1.... 

:i.60  1... 

4.21       4  10      ... 


2.07  2.08  I  2.99 
4.22  1  46  '  :3.:«» 
4.5.H       5.H4       1.44i 


:i.62 
2.:i7  I 
3.25  ' 


2.(r> 

3.06 


6.61       :}.01  i 
9.74       1.48 
3.4«)       H..51  ■ 


2.:»  I 

2.1»5    

4.20  I 

I    9.54  I 

";w.T2  ....~ 


10.87 

9.:{8 

7.H4       9.24 

4.5H       2.22 

4.91       3.74 

dO.85      4.12 

H.26 

"~4.'te' 
2.94 
2.M 

19.75 

~2.12 

0.86 
6.46 

i:).00 

3.a»" 
6.1»9 
3.35 

0.74 
1.80 
1.80 

1.68 
1.57 
2.JW 

4.46 
2.36 
1.22 



4M 

(i.24 

7.1»4 

10.;34  1  10.08 

10.70 

9.44 

i:i.46 

a  Incomplete.         h  Troy,  N.  Y.,  rect>rd. 


32.(«»     35. 7^»  ,  35.06     32.74     31.6»i     45.28,48.64       :».41 
f  Rowe,  Mans.,  rec«)rd.        fi  William.^  College  re<'ord. 


Table  Nd.  110. — StatisiivH  of  incteoroloijical  stations  iii  the  State  ({f  Xeir  York  of 
which  prfcipitation  records  have  Iteen  compiled  on  rniufali  ntap  of  State, 


Place. 


Adams 

Addison 

Angelica 

Albanv 

Alfred 

Arcade 

Auburn 

Avon 

Baldwinpville 

Belleville 

Binghamtou 

Bolivar 

Bridgewater 

Brookfleld  

Burlington,  Vt 

Cambridge '  Wa-^hington  .. 

Canandaigua '  Ontarii) 

Canton St.  Lawn*n«o  . 

Cazenovia Ma«li'*<)U 

Cherry  Valley (>t-«*go 

Clinton Oneida 


County. 


Jefferson 

Steuben 

Allegany 

AIlMiny 

Allegany..  .. 

Wyoming 

Cayuga  

Livingston  .. 
Onondaga  ... 

Jefferson 

Bro<^ine 

Allegany 

Oneida 

Madi'+on 


Eleva- 
tion. 


670 
(too 
310 
H5 

H24  . 
570 
ImO 
5H5 

'.m  • 
300  : 

270  ' 

HOO 

ls:j 

2-JO  , 

:m  ■ 
7'.»o  I 

.  176 
,:ti"i 

i<00 


Xum- 

YcarH. 

Ijer  of 

Mean. 

— 

years. 

From  - 
1-C2 

To  - 

9 

4).  64 

1H98 

8 

It.'.  (10 

1891 

1898 

10 

40.  HH 

IMHII 

1H98 

73 

a^.:> 

1826 

1898 

9 

3h.h:j 

1H90 

1898 

H 

41.94 

IH91 

1898 

2H 

:i5.4i 

IH27 

1S98 

5 

2J».(i7 

i.sia 

1898 

8 

;19. 54 

ISIKI 

1898 

•1 

2?).  76 

l.OO 

1845 

H 

3(».98 

l-flX) 

189H 

"^ 

IK  92 

1  ^91 

1898 

4 

44.  (b< 

1S3.1 

1838 

8 

41.30 

'.'<0 

18W 

14 

:J2.77 

1'<H5 

1898 

13 

40. 17 

]--.r, 

1839 

10 

:w.97 

I8.M 

18:)9 

K 

40. 49 

l-w.) 

1808 

19 

:K76 

1.<J«> 

IHSO 

14 

41.10 

1H:.'7 

1854 

i:; 

42.  fV* 

1851 

1H65 

774 
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Table  Nt*.  119. — Statistics  of  meteorological  stations  in  the  State  of  Netc  York  of 
which  precipitation  records  have  he^^n  compiled  on  rainfall  map  of  State— Cont'd, 


Place. 


County. 


Eleva- 


iNum- 


tion.   '  "®^  °' 
'         I  years. 


Mean. 


Constabloville 

Cooperstown 

Cortland 

Dekalb  Junction 

Demftter 

Depauville 

Elraira 

Fairfield 

Fleming 

Friendship 

Geneva   

Glens  FhIIh 

Glovers  ville 

Qouvemeur 

Granville 

Hamilton 

Hartwick 

Hemlock  Lake 

Houseviilo 

Hudson 

Humphrey 

Ithaca 

Johnstown 

KeeneVailey 

Kinderhook 

Kings  Station   

Kingston 

Ledyard 

Leroy 

Libertv 

Little  Genesee 

Lowvilio  

Lyons 

Malone 

Mexico 

Middleburg 

Minaville 

Minnewaska 

Mount  Morris 

Newark  Valley. 

New  Lisbon 

North  Hammond 

North  Volney 

Number  Four 

Oneida 

Onondaga  Hollow  . . . 

Oswego 

Oxford 

Palermo  

Pen  Yan 

Perry  City 

Phoenix 

Pierpont  Manor 

Plattslmrg 

Pompey 

Port  Ontario 

Potsdam 

Poughkeepsie 

Prattsburg 

Rochester 

Rome 

Romulus « 

Rondout  

Rutland 

Backetts  Harbor 

Salem 

Saranac  Lake 

Skaneateles 

South  Canistco 

South  Hartford 

South  Kortright 

South  Trenton 

Theresa 

Turin 

Utica 

Waterford 

Watertown 

Waverly 

Wedge  wood 

Whitestown  

Williamstown.  Mass . 
Wyoming 


Lewis 

Otsego 

Cortland 

St.  Lawrence . 

Oswego 

Jefferson 

Chemung 

Herkimer 


Cavuga  . 

Allegany 

Ontario 

Warren 

Fulton 

St.  Lawrence. 
Washington . . 

Madison 

Otsego 

Livingston  ... 

Lewis 

Columbia 

Cattaraugus.. 

Tompkins 

Fulton 

Essex 

Colu  mbia 

Saratoga 

Ulster 

Cayuga  

Genesee 

Sullivan 

Allegany 

Lewis 

Wayne 

Franklin. 

Oswego   

Schoharie 

Montgomery  . 

Ulster 

LivingHton  ... 

Tioga 

Otsego. 

St.  Lawrence. 

Oswego 

Lewis 

MadiMtu 

Onoudnga  

Oswego 

Chenango 

Oswego 

Yates    

Schuyler.  -  — 

Oswego 

Jefferson 

Clinton 

Onondaga 

Oswego 

St.  Lawrence. 

Dutchess 

Steul>en 

Monroe 

Oneida 

Senocjfi 

Ulster 

Jefferson 

do   

Washington  .. 

Franklin 

Onondaga 

Steulien 

Washington  . . 

Delaware 

Oneida 

Jeffers^m 

Lewis 

Oneijla   

Saratoga 

Jefferson 

Tioga 

Schuyler 

Oneida 

Berkshire 

Wvoming 


1,:J46 

4 

1.:J34 

45 

1.120 

19 

44() 

8 

6 
10 

3rif» 

8tf8 

17 

1.185 

17 

l.OflO 

9 

L.-ViO 

5 

450 

25 

340 

20 

HOO 

6 

400 

27 

400 

14 

1,127 

18 

I.HIO 

14 

W¥> 

30 

iWlO 

IW 

1.1*50 

S40 

r»w 

1.000 
318 
588 
188 
447 
888 

1.501/ 


9(N» 
407 
810 
:n-5 
rt40 
610 

1,800 
900 
966 

1,2:14 

:«jo 
:J50 

1.571 
500 

1.3H0 
304 

1,250 
460 
74(» 

1.(38 


617 
156 

i,m) 

300 
300 
180 
1.494 
575 
445 
719 


980 

2H6 

490 
1,600 

Je2 
1.480 

.5(N» 
1.700 

8:» 

3tV) 
1.2(X»  I 

4r3 
50 

400  . 

824  I 

i.aw 

824  '• 
760  I 
9«V5 


16 
42 

6 

4 

9 
13 
10 
12 

3 

6 

:w 

4 
.37 

9 
10  ' 

all 

17  ! 


56.38 
39.07 
42.79 
87.97 
39.13 
41.77 
34.79 
36.74 
^.35 
37.90 
30.86 
37.76 
46.10 
30.50 
31.51 
34.02 
37.40 
27.56 
4.5.38 
38.41 
46.09 
3;}.  97 
.39.99 
35.93 
:«.44 
45.24 
37.42 
3:1.21 
45.25 
47.98 
38.39 
35.(4 
34.40 
37  22 
36^68 
40.35 
42.04 
49.20 
27.44 
3J».29 
39.58 
37.28 
36.15 
61.17 
64.83 
31.  .V> 
36.65 
39.80 
37.01 
27.93 
44)09 
38.;i8 
36.12 
34.56 
32.:i7 
:11.17 
31.83 
;^8.52 
:t'.  71 

;w.  61 

47.  .50 
35.24 
49.02 
36.54 
32.50 
32.67 
37.91 

:^8.:i2 

4:184 
40.65 

:39.:» 

53.88 
38.14 
53.06 
42.39 
36.62 
33.50 
37.19 
38.70 
29.91 

:w.4l 

30. 61 


Years, 


From—  To- 


1889 
1854 
1850 
1890 
1890 
1865 
1850 
1828 
1890 
1893 
1850 
1879 
1802 
1833 
1835 
1827 
1826 
1876 
1865 
1827 
1889 
1828 
1838 
1879 
1830 
1891 
1829 
1827 
1891 
1850 
1866 
1827 
1889 
1839 
1837 
1848 
1868 
1891 
1890 
1891 
1891 
1866 
1872 
1889 
1863 
1806 
1844 
1829 
1854 
1829 
1889 
18»! 
1849 
184;i 
1827 
1844 
1828 

18:10 

182}) 
1830 
18S9 
1891 
1889 
1846 
1841 
1840 
1889 
1894 
1889 
I86:j 
1889 
1863 
1863 
1889 
1826 
1857 
186S5 
1800 
1889 
1834 
1852 
1826 


1883 
1898 
1898 
1898 
1897 
1876 
1898 
1849 
1896 
1897 
1893 
18U8 
1898 
1875 
1849 
1850 
1851 
1805 
1871 
1856 
1898 
1898 
1845 
1898 
1847 
1898 
1850 
1851 
1895 
1863 
1874 
1898 
1896 
1896 
18^ 
1892 
1871 
1896 
1896 
1896 
1896 
1896 
1886 
1896 
1878 
1845 
1896 
1896 
1896 
1867 
1896 
1896 
1871 
1896 
1858 
1874 
1898 
1896 
1846 
1896 
1898 
1896 
1894 
1861 
1898 
1848 
1898 
1898 
1896 
1879 
1896 
1876 
1868 
1896 
1808 
1863 
1898 
1896 
1898 
1841 
1896 
1848 
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Table  No.  120. — Flcnr  of  the  Hndson  Rivvv  at  Mevhanicville. 
[In  Inchei)  on  the  catchment  urea.] 


Month. 

1888. 

1889. 

2.57 
2.81 
0.8« 
2.12 

3.;ft» 

2.27 

1890. 

189L 

1892. 

1893. 

December   ......... 

2.t6 
l.«2 
0.H9 
1.75 
.'>.20 
5.49 

3.:» 
2.89 
1.H3 
2.85 
3.73 
4.50 

0.83 
2.12 
2.70 
4.55 
4.97 
1.42 

2.27 
4.83 
2.23 
2.80 
5.35 
5.08 

].08 

January 

0.82 

Febrnary 

Manh 

1.00 
2.11 

Apri!    

4.44 

wSy. :::::::::::::::::::::::::::::::::::: 

5.71 

Total 

17.  (« 

14.04 

19.28 

16.59 

22.50 

..  . 

15.30 

June 

1.22 
0.39 
0.44 

1.70 
1.47 
1.09 

0.50 
0.-52 

0.79 
0.68 

3.08 
2.38 
1.4J 

1.19 

July       

0.65 

An^QHt 

1.28 

Totol 

2.05 

4.26 

2.85 

2.19 
2.36 
2.26 

2.07 

6.87 

3.13 

September 

0.71 
1.18 
2.tM 

0.49 
0.96 
1.96 

0  51 
0.38 
1.01 

1.10 

o.ri 

1.89 

1  70 

Oct<>l»er    

0.90 

November 

0.90 

Total 

i.fA 

3.41 

6.81 

1.90 

3.71 

3.59 

Yearly  total 

2:).  64 

21.71 
1895. 

28.94 
1896. 

aO.56 

1W»7. 

33.08 

1898. 

21.91 

Month. 

1894. 

1899. 

December 

1.85 
1.73 
1.12 
3.78 
2.70 
l.W 

13.  IH 

0.99 
0.82 
1.0« 
5  91 

1.; . 

11. ♦« 

*'  79 
1.74 
1.12 
3.49 
ft.  20 
1.18 

16.52 

1.18 
0.72 
0.63 

1.77 
1.03 
0.90 
3.13 
4.73 
3.04 

3.67 
1.97 
1.56 
5.18 
3.40 
3.83 

1.38 

January 

1.70 

February 

1.23 

March 

8.46 

April       

5.87 

Mky^ :::::::::::::::::::::::::::.:::::::: 

2.50 

Total 

14.60 

2.94 
2.74 
2.11 

18.61 

15.13 

June                         .......    ... 

1.76 
0.81 

o.»w 

0.70 
0.«6 
1.00 

1.30 
0.64 

l.;» 

July 

August  -    ... ........................... 



Total 

3.20 

2.36 

2.513 

7.79 

3.34 

September 

0.47 
0.94 
1.58 

0.65 
0.60 
2.08 

0.71 
1.06 
2.82 

0.68 
0.65 
3.47 

0.96 
2.02 
3.29 

October 

November .... 

Total    

2.99 

3.42 

4.58 

3.80 

5.37 

Yearly  total 

19.37 

17.46 

23.63 

26.19 

27.12 
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Table  No.  121. — Precipitation  on  the  northern  plateau  for  the  tcater  years  1897 

and  JSUS, 

IN  COMPARISON  WITH  THE  Rl'N-OFF  OF  THE  HUDSON  RIVER. 

[In  inches  on  the  catchment  area.] 

1897.  I 


December. 
January... 
February  . 

March 

Aoril 


«ay  . 


Total  . 


June  — 
July..-. 
August . 


Total  . 

September  . 

Octol^er 

November  . 


Month. 


Total 

Yearly  total. 


1898. 


P-f^P'-    Bnn^ff.  Evaj^-  Pj-Jpi- 


2.93 

1.99 

4.88 

3.72 

4.41 

1.77  .. 

l.OCJ  .. 

0.90  .. 

3.13  .. 

4.7:1  .. 

3.04  .. 


19.77  I 

3.47 
15.8<» 


1.7n 
6.9i» 


10.94 
"l6.~5r 


14.60 

2794 
2.74 
2.11 


5.17 


4.59 
5.45 
3.29 
1.89 
3.28 
4.09 


22.59 

'T78  I 
:).28 
6.46 


Run-off. 

Evapora- 
tion. 

3.68 
1.96 
1.66 
5.18 
3.40 
3.57 

19.37 

3.22 

1.04 

0.66 
1.31 


7.79 

0.^ 
0.65 
2.47 

3.80 

"26719" 


8.01 

i:io2  1 

X67 
4.89 
3.63 

3.01 

O.I16' 
2.02 
2.29  , 

10.61 

7.14 

12. 19  1 
^487;» 

5.27 

6.92 

20.32 

27.65 

20.66 

IN  COMPARISON  WITH  THE  RUNOFF  OF  THE  BLACK  RIVER. 


December 

1.84 
2.93 
1.99 

4.S8 
3. 72 
4.41 

a  1.77 

0I.03 

a  0.90 

4.58 

5.98 

5.08 

19.29 

1^82" 
0.7:1 
1.48 

4.59 
5.45 
3.29 
1.89 
3.28 
4.09 

3.22 

2.38 
2.22 

6.78 
3.09 

2.28 

January  ,  - 

February 

March... 

^af.:::::;:-:::.:::::::::;::;::::-:::: 

0.48 

Total 

19.77 

"   4797 
7.36 

:147 

22.69 

3.78 
3.28 
6.46 

19.97 

2.68 

June - 

1.13 
0.86 
1.07 

July 

Auffust  - 

-.  ....... 

Total 

15. 80 

4.03 

11.77 

13.52 

3.06 

10.46 

Septemljer 

2.25 
1.70 
6.99 

a  0.68 
0.62 
2.54 

3.67 

4.89 
3.63 

l.(JO 
2.22 
2^66 

October    

November 

Total 

10.94 

3.84 

7.10 

12.19 

5.88 

6.31 

Yearly  total 

46.51 

27.16 

19.35 

48.30 

28.91 

19.39 

a  These  data  abeent  from  the  Black  River  record.    The  Hudson  River  run-off  used. 
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Table  N(>.  1*2*2. — Shoieing  {(niqKtrative  run-offs  of  Black  and  IfudHon  rirem. 
[In  iucbe^ou  their  respective  catchment  area.s.] 


Mouth. 

(1) 

1«»7. 

l.H 

w. 

Hudson. 

(5> 

is 

Black. 
{6) 

^.•. 

Black. 

(2) 

Hu<l8on. 

(3. 

1.77 

Black. 
3.17 

Hudson. 

'.7; 

1 
Decomlier .  .           _  .     . 

3.157 

«l.fi7 
a  2  M 
al  3J 
a3. 12 
CT8.37 
a3..")7 

o20.W 

1.38 

Jauuary 

February 

Marrh 

April 

May 

l.U{ 
0. 91) 

2.  .'15            1.97 

2.24  ,         l.rx) 
«. »«            5.  l.H 
3.20            3.4.J 

2.25  2.s:i 

1.70 
1.22 

4.07 
5.44 

4.»7 

3.13 
4.73 

3.m 

2  m 

5.87 
S.TiO 

Total  .. 

H.AH          14.fil) 

1.74            2.1U 
o.:4            2.7t 
1.44            2  11 

3.sr2!          7.1 9 

o.ir>          (•.li.'t 

2.  r,»i          2. 47 

3.  HI)            3.  M  ) 

19.84 

18.151 

15. 13 

June         ... 

1  :«) 

Jnlv 



0.87            o.a 
1.07            l-:a» 

Ai'ifniBt  - 

3.(K» 
1.02 



Total  -. 

3.24 

-- 

September.. 
October 

O.tMi 

.  _  .   _ 

2.  ii; 
2.»K» 

S.02 
2.29 

Novemljer  .. 

-   ".-.'- 

Total    . 

5.87 

6.27 

otal  

Yearly  t 

2).  l'.» 

2H.80          27.12 

ttComputedfor  these  monthH  from  Cornell  University  exiM>rlment8. 

6  No  Black  River  record  f«>r  this  month.    Assumed  the  s.<imn  a.s  HudHon  RIv**r. 

Table  No.  128. — SJnPuHng  difference  or  cvcchs  of  vr    tidy  run-off  of  lilacl:  ami 

Hudson  rivers, 

[In  inches  on  the  catchm»^nt  areas.] 

1897.  1898. 


Month. 

(1) 


Decern  i)er . 
January  . . . 
February . . 

March 

April 


day 


Total 


Black. 

(2) 


Hud.son. 

(3) 


fcO.94 
0.71 
1.93 


Black.     Hudson. 


(4) 


(o) 


Black.     Hudson. 


(•5) 


(V 


o.:« 
O.iw  I 

1.45 


June 

July  .... 
August . 


Total  . 

Septeml>er  . 
October  . . . 
Noveinl)er . . 


Total 

Yearly  total . 


1.20    . 
2.00 
0.<t7    . 

~3.>r7  i 


2.51  I 

'o.i^  I 


0.09  I 
0.0!)  I 


0.2:1  I 

0  o.r 

0.14 
0.40 


t).50 

aO.29  , 

aLl8    

oO.lO 

«0.66    



0.20 

a2.50    

0.58 

aL07    

1.28 

a5.80  1 

0.15 



0.23 

0.38 



O.fiO 


d.'M 


l.tVi 


aComputed  for  months  of  De<"eml>«'r,  1h*,)8,  t<>  May,  1SJ)!«.  inclusive,  from  (  oriic.l  University 
exiieriment. 
6B}ack  River  record  l>et;an  thi.s  month. 

On     the     METEi>K()L()(iV     OF     NEW     VoKK     AND     TH  K     JiKLATlON     OF 

Precipitation  to  Htn-off. 

At  tlio  beginning  of  tlu»  cliaptrr  on  Uun-olT  Diila  of  Streams  in  Stat<?> 
of  N(»w  York  it  is  rcMnarkod  that  the  proi)er  data  for  diseus.siiig  water- 
supply  <i  nest  ions  broacily  shonld  be  deriveci  from  hangings  rather  than 
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from  precipitation  records.  Indeed,  so  far  as  climatic  conditions  of 
the  eastern  United  States  are  concerned,  tlie  author  is  disposed  to 
take  the  ground  that  rainfall  data  alone  are  inadequate  to  the  making 
of  safe  estimates  of  yields  of  streams.  When,  however,  we  have,  in 
addition  to  rainfall  data,  records  of  actual  run-offs  determined  by 
gaugings,  the  two  combined  may  ]>e  made  the  basis  of  estimates  which 
have  substantially  the  precision  of  mathematical  demonstrations. 
The  chief  object  of  the  present  chapter  is  to  show  the  relation  between 
precipitation  and  run-off  for  New  York  streams,  as  well  as  to  demon- 
strate the  reasonableness  of  providing  ample  leeway  in  the  main 
storage  reservoir  on  Black  River. 

In  Table  No.  119  we  have  the  statistics  of  the  several  meteorological 
stations  in  the  State  of  New  York  of  which  the  precipitation  records 
have  been  compiled  on  jilate  OS,  showing  the  mean  rainfall  at  points  in 
and  adjacent  to  catchment  areas  tributary  to  the  i)ropose<l  deep  water- 
ways. In  addition  to  data  compiled  on  plate  08,  Table  No.  119  shows 
the  years  from  and  to  which  the  several  records  have  been  kept,  and 
which  data  could  not  well  be  included  on  plate  08. 

In  Tables  Nos.  20  to  118,  inclusive,  we  have  the  precipitation  dat«  of 
the  several  stations  shown  by  plate  08  and  by  Table  >Jo.  110  in  detail. 
These  data  are  all  tabulated  with  reference  to  a  water  year  divided 
into  storage,  growing,  and  replenishing  periods,  the  storage  period 
including  the  months  from  December  to  May,  inclusive;  the  growing 
perio<l  June  to  August,  inclusive,  and  the  replenishing  period  Sep- 
tember to  November,  inclusive.  The  December  of  the  storage  i)eriod 
is  the  December  of  the  preceding  year.  Thus  for  the  water  year  1872 
the  month  of  December  is  that  of  1871. 

In  Table  No.  120  we  have  the  flow  of  the  Hudson  River  at  Mechanic- 
ville  in  inches  on  the  catchment  areas  for  the  water  years  1888  to  the 
end  of  the  storage  period,  1809,  inclusive,  tabulated  with  reference  to 
similar  storage,  growing,  and  replenishing  periods  as  those  in  the 
precipitation  Tables  Nos.  20  to  118,  inclusive.  For  reasons  given  in 
the  chapter  on  Run-off  Data  of  Streams  in  State  of  New  York,  these 
figures  may  be  taken  as  substantially  applying  to  Black  River. 

In  Table  No.  121  we  have  given  the  precipitation  in  inches  on  the 
Northern  Plateau  in  comparison  with  the  run-off  of  Hudson  River  in 
inches  on  the  catchment  area  for  the  years  1807  and  1808.  Table  No. 
11  of  the  author's  second  report  on  Hudson  River  storage,  to  be 
found  in  the  Annual  Report  of  the  State  Engineer  and  Surveyor  of 
the  State  of  New  York  for  1800,  presents  these  same  data  from  1891 
to  1800,  inclusive,  the  two  tables  giving  these  data  from  1801  to  1898, 
inclusive.  Table  No.  121  gives  for  Black  River  the  same  data  as  for 
Hudson  River. 

In  discussing  questions  relating  to  precipitation  in  the  Upper  Hud- 
son catchment  area  it  has  been  the  author's  custom  to  take,  as  best 
applying  to  the  entire  basin,  the  precipitation  of  the  Northern  Pla- 
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teaii  as  used  by  tlu^  State  meteorological  bureau,  the  stations  included 
therein  being  Elizabethto\vii,  Keene  Valley,  Lake  l^lacid,  Saranac 
Lake,  Gloversville,  Little  Falls,  North  Lake,  Lowville,  Constableville, 
Ilouseville,  Turin,  Number  Four,  and  Kings  Station.  The  monthly 
mean  derived  from  taking  the  averages  at  all  these  stations  is  con- 
sidered to  give  a  very  close  approximation,  not  only  to  the  mean 
montlily  rainfall  of  I7pper  Hudson  area,  but  of  Black  and  Salmon 
rivers,  East  Branch  of  Fish  Creek,  and  West  and  East  Canada  creeks. 

Table  No.  122  shows  the  comparative  run-offs  of  Black  and  Hudson 
rivers  in  inches  on  their  respective  catcliment  areius  for  the  water 
years  1807-98  aiid  for  the  storage  period  of  the  water  year  181)0. 

Table  No.  12.J  shows  the  difference  or  excess  of  monthly  run-off  of 
Black  and  Hudson  rivei-s,  in  inches,  on  the  catchment  areas  from 
December,  1807,  to  :May,  180l>,  inclusive.  For  the  years  1807  and  1808, 
80  far  as  we  have  the  data,  there  is  a  small  excess  for  Black  River, 
especially  in  the  water  year  1808,  where  it  amounts  to  1.08  inches. 
In  the  storage  period  of  1800  tlie  excess  is  o.8  inches,  due,  undoubt- 
edly, to  tlie  fact  that  the  precipitation  of  this  period  was  (consider- 
ably larger  on  Bla<*k  River  catchment  area  than  on  Hudson.  As 
shown,  however,  in  a  previous  chaptei-,  the  excess  of  Black  River  may 
l)e  generally  attributed  to  difference  in  methods  of  computation.  If 
both  streams  were  computed  on  exactly  the  same  basis  and  with  the 
same  degree  of  accuracy,  it  is  probable  that,  taking  one  year  with 
another,  only  small  differences  will  be  found.  In  the  storage  period 
of  1890,  however,  the  considerable  difference)  ai)pearing  is  undoubt- 
edly due  to  larger  precipitation  on  Black  River  catchment  area,  as  is 
illustrated  by  the  two  tabulations  following: 

Precipitation  on  Black  Ritrr  catchment  area. 


Date. 

North, 
em  Pla- 
teau. 

Numlwr 
Four. 

2.77 
2.19 

Little 
Falls 
Rt*Her- 
voir. 

4.;i8 

2.42 
i:t.79 

North 
Lake. 

4.5t) 
4.(N) 

5.:n 

13. 87 

Low- 

ville. 

Means  of 
periods, 
not  includ- 
ing North- 
ern Pla- 
teau. 

Growing  period: 

June,l«»« 

July,  IHJW 

:j.7s 
:i:jK 

2.57 

1.(10 
3.  til 

7.78 

2. 92 
5.07 
3.41 

August,  IHWJ 

Total 

11    .'iL> 

20. 59 

13.44 

Replenishing  i>eriod: 

September.  IKUH 

3.117 

4.89 
3.  (KJ 

n.  17 

«.  7h 
«.49 

:t.92 
3.7H 
4.01 

5.35 
5.77 
4.42 

OctulH^r,  \m< 

Xovemljer,  18ftS 

Total 

1-J.89 

4.17 
'V  40 

'{}> 
2. 4«i 

15.44 

7.44 

4.r>:j 
2. 70 
5.45 
2. 15 

:i77 

11.71 

16.  M 

11.40  1              13.52 

Storage  period: 

December,  1898 

4.07 

3.(« 
♦i..J3 
1.30 
4.77 

«.19 
3.4:t 
2.  \r* 
7.:W 
2.94 
3.72 

.... 

:itf4 
2..')i»  ' 
5.11 
2.01 
8.2i» 

Januar>%  181M) 

February.  1899   

March.  1«*9 

April,  iwni 

May.  1899 

Total 

19.  (Hi 

2»5.04 

Z\.  79 

ai.r>3 

20.  H7  1          24  :n 
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Precipitation  on  Hudnon  River  catchment  area. 


Date. 

iSarauac 
lAke. 

4.IW 
3.16 
4.79 

12.01 

Ktwne 
Valh-y. 

2. 50 
4.04 
4.25 

Glens 

Falls. 

1.64 
7.(tt 

Glovers- 

vlUe. 

5.14 
6.90 

Means  of 
periods. 

Qrowingr  period: 

June.  1898 

July.  1898 

August.  1898    - 

' 

Total       

10.79 

12.01 

18.77 

12.90 

Beplenishing  period: 

Septeml)er,  1898 

4.05 
3.60 
2.76 

3.56 
3.86 
2.5.3 

3.42 
5.28 
3.59 

3.16 
6.52 
4.64 

Octoljer.  1898 

November,  1898 

ToUl 

10.31 

1.93 
2  22 
1.5:^ 

3.50 
0.56 
1.15 

9.95 

1.75 
2. 15 

1.3:j 

3.38 
0.83 
1.75 

12.29 

al.59 

2.21 

2.62 

5.72 

62.00 

ft3.25 

13.32 

11.47 

8tora«fe  period: 

December,  1898 

2.62 
3.69 
2.22 
7.19 
l.:» 
3.2;j 

Jauuary.1899 

February.  1899 

March.  1899 

April.  1899 

May.lH99      

'  * 

Total 

10.89 

11.19 

17.39 

20.33 

14.96 

a  Missing  from  record;  Lake  George  rei'ord  used. 


b  Rei'ord  for  King  Station  used. 


The  fii'st  of  these  tHbiilations  [^ives,  ut  the  left  hand,  tlie  i)recipita- 
tion  of  the  entire  Northern  Plateau  from  June,  1808,  to  May,  1899, 
inclusive.  Following  this  we  liave  four  of  the  principal  weather  sta- 
tions of  the  Black  River  catchment  area,  namely,  Number  Four,  Little 
Falls  Reservoir,  North  Lake,  and  Lowvilh*.  The  position  of  Number 
Four  and  Lowville  are  shown  on  plate  98.  At  both  of  these  stations 
records  have  been  kept  for  long  periods,  as  shown  by  the  precipitation 
tables.  Little  Falls  Reservoir  is  about  8  miles  to  the  north  of  that 
place.  Nortli  Lake  is  situated  considerably  farther  north  on  the  head 
waters  of  main  J^lack  River.  Little  Falls  Reservoir  and  North  Lake 
are  not  located  on  plate  08,  because  reconls  have  only  lx»en  kept  there 
for  about  the  last  two  years,  and  consequently  we  have  no  safe  aver- 
ages for  these  places.  Probably  the  precipitat  ion  is  large  in  the  region 
covered  by  tliese  two  stations,  but  this  can  not  be  definitely  deter- 
mined until  records  have  be(»n  kept  for  a  number  of  years. 

As  appears  from  first  tabulation,  the  total  of  the  growing  period  of 
the  entire  Northern  Plateau  for  1898  was  13.52  inches,  and  of  the 
replenishing  period,  12.19  inches.  The  total  of  the  storage  period  of 
1899  is  19.0(;  inches.  For  Number  Four,  Little  Falls  Reservoir,  North 
Lake,  and  Lowville  the  mean  total  for  the  gro*\'ing  period  of  1898  is 
13.44  inches;  and  of  the  replenishing  period,  13.52  inches;  and  of  the 
storage  period  of  1899,  24.31  inches.  It  seems  safe  to  assume,  there- 
fore, that  for  the  period  chiettyafTecting  the  run-off  during  the  storage 
period  of  1809  the  precipitation  of  Black  River  catchment  area  was 
about  4  to  5  inches  in  excess  of  the  mean  precipitation  of  the  whole 
Northern  Plateau. 

In  the  second  tabulation  we  have  the  precipitation  at  Saranac  Lake, 
Keene  Valley,  Glens  Falls,  and  Gloversville  fen*  the  growing  and 
replenishing  periods  of  1898  and  for  the  storage  i)eriod  of  1899.     Com- 
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paring  tho  means  of  the  periods  with  tliose  of  the  previous  tabulation 
it  appears  clear  that  the  precipitation  lor  that  part  of  the  Northern 
Plateau,  ineludinjij  the  Upper  IIu<lson  catchment  area,  was  less  than 
the  mean  of  the  whole  plateau.  There  appears  to  be,  therefore,  suf- 
ficient i*eason  why  the  run-oft  of  l^lack  River  during  the  storage  period 
of  1800  is  considerably  greater  than  that  of  Hudson  River  for  the  same 
period. 

In  Table  No.  1.'31,  following,  it  is  shown  that  for  the  water  year  of 
1805,  which  was  the  dry  year  of  the*  period  from  1802  to  1808  included 
in  the  reservoir  computations,  tluM-e  would  remain  in  lUack  River 
reservoir  in  store  5.i*^)  inch(»s  on  the  catchment  aiva,  or  22,175,0(K),(X)0 
cubic  feet.  It  is  also  shown  by  Table  No.  130  that,  with  the  alterna- 
tive tunnel  line  constructed,  there  would  have  been  left  in  Black  River 
reservoir  at  the  end  of  the  water  year  1805  7.12  inches  on  the  water- 
shed, equivalent  to  :i(>,000,(K)0,(X)()  cubic  feet.  This  apparently  large 
reserve  is  not  held  for  the  IxMiefit  of  water  power,  but  to  cover  the 
contingency  of  a  water  year  with  much  smaller  run-oflC  than  any  expe- 
rienced in  the  period  covered  by  the  gaugings.  In  case  the  pi-oject  is 
carried  out,  in  nmking  final  arrang(»ments  with  the  mill  owners  on 
Black  River  it  should  be  definitely  expressed  that  the  reserve  storage 
just  referred  to  is  to  be  held  for  th(»  purpose  stated,  nor  should  the 
fact  of  the  (KM'urren<!e  of  a  long  series  of  wet  years  lead  to  its  use. 

On  plate  VV.)  we  have  plotted  run-off  curves  for  Hudson  and  (lenesee 
rivers.  These  curves  are  obtained  by  plotting  annual  rainfall  in 
inches  on  the  catchment  an^a  as  abscissas  and  annual  run-off  as  ordi- 
nates.  On  Hudson  River  the  lowest  run-off  of  17.40  incht^s  occurred 
in  1805,  in  which  year  the  precipitation  was  30.8  inches.  On  (ienesee 
River  the  lowest  run-off,  of  0.07,  also  occurred  in  1805,  when  the  pre- 
cipitation was  ']{  inches.  The  l)road  proi)Osition  to  be  deduced  from 
these  curves  is  that  for  years  when  the  lainfall  sinks  as  low  as  about 
»J0  inches  the  run-off  of  Hudson  River  will  not  exceed  10  inches,  and 
may  l>e  somewhat  less,  and  that  the  run-off  of  (T<*nesee  River  will  not 
exceed  about  0  inches  and  nmy  be  somewhat  less,  the  amount  less 
than  these  tigures  probably  depending  upon  the  rainfall  for  one,  two, 
or  three  years  previous. 

In  reference  to  the  construction  of  these  cnirves,  it  may  hi*  remarked 
that  if  for  any  given  stream,  where  reliable  precipitation  and  run-off 
data  are  available,  we  arrange  the  yearly  <xuantities  in  the  order  of  the 
nmgnitude  oT  the  rainfalls  and  without  reference  to  sequence  of  years, 
as  per  the  following  tabulations,  wo  find  that  there  is  a  elear  relation 
l>etween  tln^  rainfall  ii.i  any  given  year  and  the  run-off  of  that  year. 
By  plotting  the  precipitation  as  abscissas  and  the  run-offs  as  ordinates 
we  may  construct  what  nuiy  be  termed  the  run-off  curve  of  any  given 
stream.  On  drawing  such  a  curve  w<»  tin<l  that  the  run-offs  forgiven 
precipitati(m  will  group  tluMuselves  ab<)V<^  and  bcdow  the  curve,  the 
extent  of  the  departui-es  from  a  true  curv<?  deiM*nding  ui)on  the  accu- 
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racy  of  the  data.  If  there  are  wide  variations,  we  may  conclude  that 
there  are  large  erroi^s  either  in  the  rainfalls  or  run-offs,  or  both.  If,  on 
the  contrary,  the  points  all  fall  very  nearly  in  the  curve,  we  are  justi- 
fied in  assuming  the  essential  accuracy  of  the  data.  Judged  by  this 
standard  the  precipitation  and  run-off  data  of  Hudson  knd  Genesee 
rivers  are  exceedingly  accurate.  Indeed  they  give,  so  far  as  the 
author  is  aware,  more  nearly  the  true  values  than  any  extended  set  of 
gaugings  from  such  large  areas  thus  far  made.  The  following  are  the 
precipitations  and  run-offs  for  Hudson  River  for  the  eleven  years  from 
1888  to  1808,  inclusive,  arranged  in  the  order  of  the  magnitude  of  the 
rainfalls : 

HUDSON  RIVER. 


Year. 

Rainfall. 
1  inches. 

Run-off. 
inches. 

Year. 

RaiDfall. 
inches. 

Run-off, 
inches. 

1802.... 

53.H7 

50.  a5 

1        48.30 

i        46.51 

46.21 

I        43.02 

83.06 
28.56 
27.  a5 
26.19 
23.65 
23.64 
1 

1891... 

42.96 
a42.96 
42.18 
41.37 
36.67 

20.  S0 

1800  ... 

1889.... 

"* 

21.71 

1898.... 

1898... 

21.91 

1897 

1894 

19  tf7 

1806  ... 

1895.... 

17.46 

1888.... 

a  Probably  42.06  inches  rainfall  for  1889  is  only  approximately  correct.    Data  incomiilete. 

For  Genesee  River  these  data  take  the  following  form: 

QENESEE  RIVER. 


Year 

'Rainfall, 
j  inches. 

Run-off, 
inches. 

Ye«. 

Rainfall, 
inches. 

Run-off, 
inches. 

1894 

i       47.79 

19.38 
21.22 
16.18 
15.43 
13.35 

1893 

89.30 
38.12 
84.89 
31.00 

13.35 

1890 

47.64 

42.50 

41.69 

^ ■       40.68 

1«)1 

14.06 

1898 

1897 

9.88 

1892  

1896 

6.07 

iwS:::::::::.:::: 

The  comparison  of  these  two  series  shows  that  Hudson  River  data 
are  somewhat  better  than  Genesee.  The  i^easons  for  this  have  been 
partially  given  in  a  lectui'e  on  the  data  of  stream  flow  in  relation  to 
forests  before  the  engineering  classes  of  Cornell  University,  April  14, 
1899,  and  printed  in  the  Transactions  of  the  Association  of  Civil  Engi- 
neers of  Cornell  University  for  1899.  There  is,  however,  another 
reason  why  these  figures  are  more  accurate  than  such  data  usually  are. 
In  the  first  place,  the  rainfalls  liave  for  both  catchment  areas  been 
deduced  from  the  means  of  a  number  of  stations,  whereas  it  is  still  a 
very  common  practice  to  take  the  rainfall  of  one  or  two  stations  as 
representing  the  mean  of  the  whole.  For  large  catchment  areas  this 
almost  invariably  gives  results  wide  of  the  truth.  Again,  the  stream 
gaugings  on  Hudson  and  Genesee  rivers  are  more  nearly  true  than  such 
data  usually  are.  On  Hudson  River  the  use  of  the  formula  of  the 
Indian  engineers  has  given  results  which  are  approximately  true, 
while  on  Genesee  River  the  original  data,  as  taken  from  the  timber 
dam  of  the  Mount  Morris  Hydraulic  Power  Company,  have  been 
reduced  to  weir  measurement  by  the  actual  construction  of  a  wier 
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and  the  rating  of  the  gauging  dam,  as  detailed  elsewliere.  In  view  of 
these  facts  it  Ls  the  autlior's  opinion,  after  examining  nearly  all  the 
gangiugs  made  in  the  I'nited  States,  tliat  the  figures  for  these  two 
streams  are  considerably  more  accurate  than  such  data  usually  are. 

In  order  to  show  how  necessary  it  is  to  hold  the  excess  storage  of 
HIack  and  Salmon  rivers  resei'\'oii*s  to  cover  the  contingency  of  some 
extremely  dry  year  in  which  the  precipitation  does  not  much  exceed 
30  inches,  and  in  which  year,  consequently,  the  run-off  will  probably 
not  exceed  about  10  inches,  we  will  go  into  a  somewhat  extended  anal- 
ysis of  Tables  Nos.  20  to  118,  inclusive,  the  object  l)eing  to  show  that 
in  the  State  of  New  York  there  have  been  years  when  for  the  entire 
State  the  rainfall  has  not  exceeded  about  30  inches.  What  has 
ha])pened  once  is  likely  to  happen  again. 

At  All)any  (Table  No.  22)  the  water  years  1805  and  1890  repre- 
sented a  iM»riod  of  very  low  precipitation.  The  following  are  the 
figures  for  the  several  periods: 


18»6.    I   1BO0. 


Stonwre I  12.58 

Growing H.88 

Replenishiugr I  »  98 

Total '  30.39 


14.79 
8.31 
6.64 


29.74 


The  total  precipitation  of  the  previous  year,  1894,  was  34.45  inches. 
It  is  probable  that  for  the  water  year  1896  streams  in  the  vicinity  of 
Albany  did  not  run  to  exceed  9  inches  on  the  catchment  area. 

At  Auburn  (Table  No.  20)  the  years  1830,  1837,  and  1838  cover  a 
period  of  very  low  precipitation,  as  shown  by  the  following: 


Storage  

Qrowmg 

RepleuiAliing  . 


Total . 


!«». 


19.41 
6.39 
6.56  I 


1837. 


1U.:^7 
11.35  ! 
6.78 


7.50 
8.14 
6.06 


'^.'M  I    28.50  I      21.69 


Taking  into  account  the  sequenceof  the  foregoing  record  at  Auburn, 
it  is  probable  that  in  the  water  year  1838  the  run-off  of  streams  in  that 
vicinity  did  not  exceed  3  to  4  inches  on  the  catchment  area. 

In  view  of  its  relations  to  run-off  of  Upper  Hudson  catchment  area 
we  may  refer  to  the  record  at  Burlington,  Vt.  (Table  No.  34),  for  the 
years  1893  to  1890,  inclusive.  We  have  the  following  from  the  Bur- 
lington record: 


btorase 

Gfrrowuig 

Replenishing. 


imi. 


18W4. 


8.3;i 

13.78 
5.25  I 


10.35 
4.51 
8.:i4 


1895.    I    1896. 


10.70 
10.08 
8.19 


Total I    27.^*) 


2:1 2l>  I    28.97 


9.70 
11.05 

8.55 

29T30 
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Taking  into  account  the  low  precii)itation  of  1894,  it  is  probable 
that  in  1895  and  1896  streams  in  the  vicinity  of  Burlington  did  not 
run  to  exceed  5  to  0  inches  on  the  catchment  area. 

At  Cazenovia  (Table  No.  38)  the  two  lowest  consecutive  years  are 
1834  and  1835,  when  the  total  run-off s  were  34.:29  inches  in  1834  and 
32.82  inches  in  1835.  Inasmuch  as  streams  in  that  vicinity  fall  in  the 
same  category  as  (irenesee  River,  if  we  assume  similar  conditions  of 
forestation,  the  run-off  was  probably  about  8  inches  on  the  catchment 
area. 

At  Cooperstown  (Table  No.  42)  the  mean  precipitation  for  the  entire 
period  covered  from  1854  to  1898,  inclusive,  is  39.07  inches.  The 
three  consecutive  minimum  years  occurred  from  1879  to  1881,  inclu- 
sive.    The  following  are  the  precipitations  for  those  years: 


1879. 

1880. 

1881. 

BtoraKe - 

14.91 
8.U 
6. 38 

18.57 
10.06 
8.61 

12.33 

Growings - --- -- 

7..'W 

Replenishing^ 

9.56 

Total           > 

29.73 

37.23 

29.27 

In  1881  the  run-off  of  streams  in  the  vicinity  of  Cooperstown  prob- 
ably did  not  exceed  7  inches. 

The  Cooperstown  record  is  considered  one  of  the  best  long  records 
in  the  State. 

At  Geneva  (Table  No.  51)  the  mean  precii)itation  for  twenty-five 
years,  between  185U  and  1893,  inclusive,  is  30.80.  In  the  period  from 
1883  to  1888,  inclusive,  the  precipitation  at  (Geneva  was  continuously 
below  the  mean,  as  indicated  l)y  the  following  tabulation: 


18KJ.    I    1884.        1885. 


Storage •     «.:W 

Growing i    10.57 


Repleniithing. 


Total 


.5. 76 
iTy  71 


10.43 
6.78 
5. 85 


22. 0« 


5.61 
12.15 
6.35 


1K86. 


10.02 
10.19 
7.1H 


1887. 


6.70 
11.41 
4.07 


24.11 


-.39 


1888. 


10.48 
8.89 
8.22 

27^ 


For  the  years  1887  and  188S  it  is  probable  that  streams  in  the  vicin- 
ity of  Geneva  did  not  flow  to  much  exceed  2  to  4  inches  on  the  catch- 
ment area. 

At  (^h^ns  Falls  (Table  No.  52)  the  mean  precipitation  for  the  j^ears 
1879  to  1S98,  inclusive,  is  37.7()  inches.  The  following  is  the  record 
for  the  years  1880  to  188i,  inclusive: 


imi        lSt<l.   :     1882.        188:}.   I    1884. 


st«.ra>r»' 14.7:?  I4.s:{ 

(irowintf 4.«»1  .'»  15 

Rp])lenishin>? in.:J8  8  (ks 

Total I  29.72  ,  28.«ri 


l.'i.  :w 
\).  :{7 

5.01 
10.11 

15.97 
7.31 
6.87 

lil.Jl       28.19  I 


29.66 
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A  Study  of  run-off  records  shows  tliat  the  precipitation  of  the  storage 
pericKl  largely  controls  the  run-off  for  the  year;  heiuje  in  a  year  like 
1883,  when  the  precipitation  of  the  storage  i>eriod  was  only  13.07 
inches,  especially  when  such  a  year  has  been  preceded  by  years  like 
1880  to  1882,  inclusive,  the  run-off  will  certainly  lx»  very  low.  Prob- 
ably in  1883  it  did  not  exceed,  in  the  vicinity  of  Glens  Falls,  alK)ut  6 
inch.es.  In  188-1  the  i)n*cii)itation  of  the  storage  period  was  2.  IK)  inches 
greater  than  in  the  previous  year,  but  tliis  small  additional  precipita- 
tion was  probably  mostly  without  effect  on  the  streams  because  of  low- 
ground  water.  It  api^ears,  therefore,  entirely  safe  to  assume  that  the 
run-off  of  streams  in  the  vicinity  of  Glens  Falls  must  have})een  c^nite 
as  low  in  188-1  as  in  the  previous  year  1883. 

At  Gouverneur  (Table  No.  54)  the  t<)tal  precipitation  of  the  year 
1838  was  20.03  inches;  of  1830,  18.87  inches,  and  1842,  U.in;  inches. 
Assuming  forestry  conditions  at  that  time  in  tlu^  vicinity  of  Gouv- 
erneur substantially  as  they  now  exist  on  Hudson  River  catc'hment 
area,  the  run-off  of  the  streams  may  have  been  3  inches,  or  from  defor- 
ested areas  i)robably  2  inches. 

At  Itha<;a  (Table  No.  01)  the  two  lowest  years  of  precipitation  ar6 
1884  and  1805,  in  both  of  which  the  total  happens  to  be  26.08  inches. 
In  184G  the  total  of  the  storage  period  was  0.G7  inches,  the  total  for 
the  year  ])eing  30.07  inches.  It  is  probable  that  the  extreme  minimum 
run-off  in  the  vicinity  of  Ithaca  does  not  exceed  5  inches. 

At  Keeno  Valley  (Table  No.  03)  the  lowest  precipitation  o(!Curred 
in  1881,  the  total  for  tliat  year  being  28.20  inches.^  The  precipitaticm 
of  the  storage  period  was  13.15  inches.  The  totals  of  the  previous 
years,  1870  and  1880,  were  32.15  and  33.32,  resiK^ctively.  The  run-off 
for  1881  probably  did  not  exceed  8.0  inches. 

At  Lowville  (Table  No.  00)  the  period  of  lowest  precipitation  was 
for  the  years  1843  to  1840,  inclusive.  The  following  are  the  figures 
for  those  V(»ars : 


iw:j. 

12. 12 
8.3() 

1844. 

11.  W 
7.  Hi 
7.:m 

2«.:>i 

1845. 
12.flO 

8.:«» 

1846. 

Storage  

9.76 

GrowiDgr 

5.78 

H^^pl^uiRhinBT  . r 

11  63 

Total 

27.48 

.Tl).8<) 

27  17 

A  marked  peculiarity  of  this  Lowvilhi  i>eriod  is  the  lowi)recipitation 
of  the  storage  i)eriod  for  all  the  years  included.  Taking  this  into 
account,  it  is  probable  that  for  the  years  1845  and  1840  the  run-off  in 
the  vicinity  of  Lowville  was  V(»ry  low.  In  1845  it  may  have  reached  8 
inches,  but  for  1840  it  is  doubtful  if  it  exceeded  5  or  0  inches.  These 
conclusions,  it  must  be  understood,  are  based  on  present  conditions 
of  forestation.  In  case  there  were  much  larger  forest  areas  in  that 
vicinity  at  tliat  time,  the  run-offs  may  have  been  somewhat  larger. 

At  Mexico  (Table  No.  72)  the  total  precipitation  for  the  year  1S40 
II.  Doc.  140 50 
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was  1*0.21  inches,  the  storage  iK^riod  of  that  year  ]>eing  9.73  inches. 
The  run-off  probably  did  not  exceed  2  inches. 

At  Mount  Morris  (Table  No.  7t>)  the  total  precipitation  of  the  year 
1801  was  23.  GO  inches,  I  hat  of  the  storage  period  l>eing  K  K  24  inches.  In 
1805  the  total  was  25.05  inches,  the  storage  iK*ri(Ml  giving  11.05  inches. 
From  the  author's  pereonal  knowledge  of  the  subjt^ct  he  has  no  hesi- 
tation in  saying  that  in  1805  streams  in  the  vicinity  of  Mount  Morris 
did  not  exceed  a  total  run-off  of  about  3  to  4  inches. 

The  year  1805  was  generally  a  year  of  low  precipitation  throughout 
the  whole  State.  Thus,  at  Newark  Valley  (Table  No.  77)  the  total 
was  28.40;  at  New  Lisbon  (Table  No.  78)  the  total  was  20.03;  at  North 
Hammond  (Table  No.  70)  the  total  was  20.80,  and  so  on.  An  extended 
analysis  of  these  precipitation  tables  shows  that  for  a  large  portion  of 
the  State  of  New  York  the  run-off  of  1805  did  not  exceed  0  to  12 
inches  on  the  catchment  areas.  At  some  places  the  run-offs  wei-e  less 
than  G  inches. 

At  Onondaga  Hollow  (Table  No.  83)  the  year  of  minimum  pi^ecipita- 
tion  occurred  in  1841,  having  been  i)receded  by  several  years  of  rather 
low  rainfall.  Streams  in  that  vicinity  probably  do  not  excee<l  G  inches 
run-off  in  years  of  minimum  precipitation. 

At  Oswego  (Table  No.  84)  precipitation  sank  to  2G.15  inches  in  1855 
and  to  23.4G  inches  in  1887;  in  1880  it  was  30.30  inches.  In  1887  the 
total  for  the  storage  period  was  10.55  inches.  It  is  doubtful  if  the 
run-off  at  Oswego  exceeded  about  2  to  4  inches  for  that  year. 

At  Oxford  (Table  No.  85)  we  have  the  following  recortl  for  the 
years  1832  to  1834,  inclusive. 


iKjt*.     isa 

lt»L 

Storage 

13.72 
8.71 
5.tU 

14.65 
U.ttl 
10.(19 

9.tS 

Growing ......... 

11.75 

Replenishing    ....             .                        .          

ti.t« 

:u  Un 

Total 

2S.07 

38.36 

1 

The  low  precipitation  of  the  storage  i)erioil  of  the  water  year  1834 
indicates  run-offs  in  the  vicinity  of  Oxford  for  that  year  of  i^erhaps 
5  inches. 

At  Palermo  (Table  No.  ^0)^  wherc^  we  have  a  continuous  record  from 
1854  to  1808,  inclusive,  there  are  several  yeai-s  in  whicli  the  precipita- 
tion is  given  considerably  })elow  30  inches,  as,  for  instance,  in  1871, 
27.81  inches;  1875,  28.11  inches;  1881,  20.37  inches;  1882,  28.80  inches, 
and  in  1805,  25.07  inches.  The  precipitation  of  the  storage  i)eriod  of 
1805  was  only  10.15  inches.  Il  is  prol)al)le  that  for  that  year  streams 
in  the  vicinity  of  Palermo  did  not  exceed  a  run-off  of  about  2  inches. 

At  Pen  Yan  (Table  No.  87)  we  have  a  continuous  ivcoiil  from  1829 
to  18(;7,  inclusive,  tlip  mean  of  the  whole  period  being  27.03  inches. 
There  ai-e  several  pericxls  of  from  ihi-ee  to  six  yeai*s  when  the  rainfall 
was  less  than  the  average.     So  marked  is  this  that  it  seems  siife  to 
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assume  that  streams  in  the  vieiuity  of  Pen  Yau  do  not  ordinarily 
run  more  than  from  4  to  <)  inches  on  the  catchment  area.  In  lJ^o4  the 
t^tal  precipitation  was  10. GO  inches.  There  are  several  years  in  which 
the  total  precipitation  at  l*en  Yau  for  the  stora*j:e  period  has  not 
exceeded  from  8  to  0  inches. 

At  Pierpont  Manor  (Table  No.  WO)  the  totals  for  the  years  1852 
to  1854  are  as  follows:  1852,  ;30.*J3;  185:],  27.57,  ami  for  1854,  28.80 
inches.     In  1802  tlie  total  pi'ecipitation  was  28.15  inches. 

At  Plattslmrg  (Table  No.  01)  the  total  precipitation  in  1858  was 
29.11  inches,  and  in  1850,  22.78  inches.  In  1803  it  was  25.G0  inches, 
with  a  total  of  only  0.02  inches  in  the  storage  period.  For  1805  the 
total  was  20.75  inches.  It  is  evident  that  the  minimum  run-olf  of 
streams  in  the  vicinity  of  Plattsbui'g  does  not  exceed  G  inclies. 

At  Pomp*»y  (Table  No.  02)  tht*  totals  for  the  years  183G  to  1S;]8  are 
as  follows:  For  1836,  24.22  inches;  1837,  28.37  inches,  and  1838,  24.82 
inches. 

At  Port  Ontario  (Table  No.  93)  the  total  pi-ecipitation  for  1855  was 
2G.15  inches;  for  1871,  20.7G  inches,  and  for  1872,  28.81  inches. 

At  Potsdam  (Table  No.  04)  we  have  the  following  recoiil  for  the 
years  1837  to  1830,  inclusive: 


Btoratfe 

OrowinK 

Repleuiflhing . 

Total... 


In  1S05  the  total  prc^cipitation  at  Potsdam  was  31.83  inches. 

At  Poughkeepsie  (Table  No.  05)  tlie  total  for  the  year  1805  was 
31.53  inches. 

At  RochesU^'r  (Table  No.  07)  w<»  have  a  continuous  record  from  1834 
to  1808,  inclusiv<*.  Tlie  mean  precii)itation  for  this  whole  period  is 
33.G1  inches.  For  the  i>eriod  from  1834  to  1840,  inclusive,  the  total 
for  each  water  year  is  considerably  under  the  mc»an,  as  foUows:  In 
1834,  20.37  in<*hes;  1835,  28.07  inches;  183G,  2G.83  inches;  1837,  20.57 
inches;  1838,  27.02  inches;  1830,  20.07  inches,  and  in  1840,  28.04  inches. 
In  1854  the  total  was  28.00  inches;  in  1882  it  was  20.74  inches;  in  1885, 
28.68  inches,  and  in  1887  only  20.r>l  inches.  In  18S8  the  total  rose  to 
27.34  inches,  but  the  precipitation  of  tlie  storage  period  was  only  0.G5 
inches.  It  is  probable  that  the  run-otf  of  streams  in  1888  in  the 
vicinity  of  Rochester  did  not  exceed  3  to  4  inches.  In  1805  thcj  total 
at  Rochester  was  30.15  inches. 

At  Rome  (Table  No.  08)  the  year  of  minimum  precipitation  for  the 
I)eriod  from  1800  to  1808,  inclusive,  was  181>5,  in  which  year  the  total 
of  the  storage  j)eriod  was  13.57  inches,  and  the  total  for  the  year, 
31.30  inches. 

At  Romulus  (Table  No.  Ol»)  the  total  for  the  storage  period  was 
10.87,  the  total  for  the  year  lx*ing  27.70  inches. 
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At  RutlHiid  (Tablo  No.  101)  the  period  1854  to  1850  covered  years 
of  low  precipitation.  The  mean  at  that  place  from  1840  to  18G1, 
incliisiv(»,  is  »5G.54  inches,  but  the  total  for  1S54  was  only  20.50;  for 
1855,  32.07,  and  for  185G,  28.83  inches.  In  185G  the  run-off  of  sti-eams 
in  th(»  vicinity  of  Rutland  could  not  have  exceeded  about  5  in(*hes. 

At  Sacketts  Harbor  (Table  No.  102)  the  mean  from  18G4  to  1808, 
with  four  years  omitted,  is  32.50  inches.  The  period  1870  to  187G, 
inclusive,  was  far  below  the  mean,  the  totals  being  as  follows:  1870, 
25.1G  inches;  1871,  2G.G2  inches;  1872,  30.75  inches;  1873,  28.79  inches; 
1874,  27.58  inches;  1875,  22.30  inches;  and  187G,  25.42  inches.  In 
1875  the  total  precipitation  of  the  storage  jx^riod  was  8. 03  inches.  The 
total  run-off  of  that  year  in  the  vicinity  of  Sacketts  Harbor  could  not 
have  much  (»xceeded  about  2  inches. 

The  years  1870  to  1888  were  also  low  years  at  Sacketts  Ilarlwr. 
Th(»  following  gives  the  rtM'ord  for  188G  to  1888: 


Storago 14.64 

Growing . 


18H«.        1887. 


'.38 
Beplenishintf 8.82 

Total »).84 


11.10 
4.1U 
7.96 


1888. 


4.24 

5.98 
14.59 


23.16  1      24.75 


Thesis  three  years  were  pre<*ede<l  by  sevc^ral  years  in  which  the  pre- 
cipitation ranged  from  22.50  inches  to  28.87  inches,  the  year  1885 
having  shown  a  total  of  2G.83  inches.  For  the  year  1805  the  total 
at  Sacketts  Harbor  was  20.30  inches. 

At  South  Canisteo  (Table  No.  lOG)  the  total  for  the  year  1805  was 
30.72  inches. 

At  Utica  (Table  No.  112)  the  mean  of  thirty-six  years,  included 
between  182G  and  1802,  is  42.30  inches.  The  lowest  year  of  this  period 
was  183G,  Avith  a  total  of  31.75  inches. 

At  Watertown  (Table  No.  114)  the  mean  of  the  period  from  18G2  to 
1808,  inclusive,  is  33.53  inches.  Table  No.  114  shows  several  short 
periods  in  which  the  x»i*^cipitatiou  has  been  far  l)elow  the  mean,  as, 
for  instance,  from  1874  to  187G,  inclusive;  from  187!>  to  1882,  inclu- 
sive, and  in  the  years  1887  and  1888.  In  1875  the  run-off  of  the 
storage  p(»riod  was  0.82  inches,  the  total  for  tlie  year  being  21. IG 
inches.  The  preceding  remarks  as  to  occasional  very  low  run-off 
apply  with  force  to  conditions  in  the  vicinity  of  AVatertown.  The 
minimum  run-offs  of  tlie  locality  may  be  safely  i>laced  at  from  4  to  G 
inches. 

At  Waverly  (Tahiti  No.  115)  the  total  precipitation  of  the  year  1805 
was  25. 10  inches. 

At  Williamstown,  Mass.  (Table  No.  118),  in  the  cat chment  ai'ea  of 
Hoosick  Riv<*r,  a  tributary  to  Hudson,  the  i)recipitation  record  covers 
ceilain  yeai-s  from  1855  to  1808,  inclusive.     The  mean  of  the  period 
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is  39.41  inches.  The  year  of  iiiiiiiiiiuju  priHnpitation  occurred  in  1883, 
with  a  total  of  20. oo  inches  for  tlie  year  and  11.24  inches  for  the 
storage  i)eriod. 

The  foregoing  data  of  iwocipitation  in  the  State  of  New  York  ai'e 
cited  for  the  purpose  of  establishing  th(^  ^proposition  that  at  times  the 
run-offs  of  New  York  streams  are  very  low,  and  that  consequently  the 
reserve  storage  of  Black  River  I'eservoir  is  none  too  large.  Undoubt- 
edly the  saving  grace  of  the  whole  matter  is  that  apparently  the 
cycles  of  low  precipitation  do  not  affect  the  whole  State  at  the  same 
time.  Indeed,  it  is  only  occasionally  that  catchment  areas  as  large  as 
Upper  Hudson,  Black,  Mohawk,  Oswego,  and  Genesee  rivers  will  be 
all  subject  to  drought  in  the  same  year.  A  balancing  of  conditions 
is  thus  to  some  extent  brought  about.  Nevertheless,  while  the  preced- 
ing statement  is  fairly  deducible  from  the  data,  it  is  the  author's 
opinion  that  if  we  had  complete  records  it  would  be  easily  shown  that 
the  rainfall  of  nearly  the  entire  State  has  in  some  year  l)een  on  an 
average  less  tlian  30  inches,  and  that  (ionsequently  the  streams  of  the 
State,  as  a  whole,  did  not  average  in  such  a  year  a  run-off  of  more 
than  alx)ut  7  to  10  inches.  For  individual  (catchment  areas,  like 
Upper  Genesee,  where  the  total  is  1,070  square  miles,  or  for  Oneida 
Lake  area,  with  a  total  above  Brewertou  of  1,205  square  miles,  it  is 
quite  possible,  and  indeed  probable,  tliat  the  minimums  affecting  the 
whole  area  may  sink  somewhat  lower.  Probably  25  inchc^s  precipita- 
tion is  not  an  unreasonable  figure.  If  such  a  minimum  should  occur 
for  Oneida  Lake  ai-ea  the  run-off  for  the  water  year  would  not  exceed 
about  5  inches.  Should  this  happen  Oneida  Lake  would  not  by  itself 
furnish  an  adequate  water  supply  for  a  low  level  c^nal  in  the  Oswego- 
Mohawk  Valley.  For  high  level  canals,  as  already  stated,  the  n*serve 
storage  of  Black  River  reservoir  will  be  sufficient  to  meet  the  condi- 
tions of  the  most  advers<»  year. 

In  order  to  verify  run-off  diagrams  of  plate  131),  reference  may  be 
made  to  tables  showing  the  mean  i)recipitation  of  Hudson  River 
catchment  area  in  the  author's  second  report  on  Hudson  River  stor- 
age in  the  Annual  Rejjort  of  tlie  Stat*.*  Engineer  and  Surveyor  of 
New  York  for  18!m;.  Tables  showing  the  mean  precipitation  of  Gen- 
esee River  catchment  area  may  also  be  found  in  the  author's  rei)ort 
on  Genesee  River  storage  in  the  Annual  Report  of  the  State  Engineer 
and  Surveyor  for  isotj. 

Flood  Flows  ok  Streams  ix  thk  Statk  of  New  York. 

Table  No.  124  gives  maximum  and  ordinary  flood  flows  of  a  number 
of  streams  in  the  State  of  New  York.  The  statements  therein  given 
represent  the  best  information  at  hand,  but  it  is  probable  that  some 
of  them  might  be  modified  by  more  extended  data.  It  is  not  believed, 
however,  tliat  the  modifi<?ations  would  be  of  sucli  extent  as  to  spe- 
cially vitiate  any  conclusions  which  may  be  drawn  from  these  data. 
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Taking  up  tlie  streams  in  the  order  of  the  st^rial  numbers  of  tlie  table, 
exi)lanatory  matter  relating  to  each  will  l)e  presented. 

0)    SENECA  RIVER. 

Gauging  station  No.  1  was  established  on  this  stream  at  Baldwins- 
ville  in  November,  1807.  According  to  statements  made  ])y  people  at 
Baldwinsville,  mill  ownei*s  and  otliers,  ordinary  high  water  is  about  3 
feet  on  tlie  crest  and  occurs  nearly  every  spring.  This  gives  a  dis- 
charge over  the  present  dam  and  through  the  water  wheels  of  13,008 
cubic  feet  per  second.  In  1865,  which  was  a  year  of  unusually  liigh 
floods  in  central  and  western  New  York,  it  is  stated  that  the  water 
went  higher  than  this,  but  no  person  has  been  found  thus  far  who  is 
able  to  give  the  exact  height.  We  will  show  why  this  stream,  with 
3,103  square  miles  of  catchment  area,  gives  so  small  a  flood  flow  in  the 
following  discussion  of  the  Oswego  River. 

All  statements  agree  that  floods  seldom  occur  in  the  fall  of  the  year 
on  Seneca  River. 

(2)    OSWEGO  RIVER. 

A  gauging  station  w^as  established  on  Oswego  River  at  Fulton  in 
November,  1808,  the  catchment  area  above  the  point  of  gauging  being 
4,015.0  square  miles.  The  highest  water  report^^d  is  a  depth  of  4  feet 
on  the  crest  of  the  dam  at  Fulton,  the  flow  being  10,5()0  cubic  feet  per 
second,  the  ordinary  spring  flood  amounting  to  17,700  cubic  feet  j)er 
second.  This  figure  is  substantially  verified  by  the  statement  of  the 
late  Charles  Rliodes,  es(i.,  of  the  Oswego  Canal  Company,  who  studied 
Oswego  River  extensively  and  who,  according  to  tlie  report  on  water 
IK>wer  of  the  United  States  of  the  Tenth  Census,  claimed  that  the 
ordinary  flood  discharge  at  Oswego  was  from  10,0(^)  to  17,0<X)  cubic; 
feet  per  second  and  that  an  excessive  flood  might  be  as  large  as  41,000 
to  42,000  cubic  feet  i)er  second,  these  latter  figures  probably  being  the 
discharge  of  the  Oswego  River  in  the  gi'eat  flood  of  March,  1805.  Thus 
far,  however,  exact  figures  have  not  been  obtained  of  any  flood  exceed- 
ing about  20,000  <5ubic  feet  per  second,  as  per  column  (12)  of  Table 
No.  124.  As  will  be  seen  from  coliunn  (14)  of  the  table,  these  flows, 
when  computed  in  cubic  feet  i)er  squai'e  mile  per  second,  do  not  exceed 
4  cubic  feet,  which  is  very  small. 

The  catchment  area  of  the  Oswego  River  at  Oswego  is  5,002  square 
miles,  and  a  very  interesting  question  arises  as  to  why  a  stream  with 
so  large  an  area  as  this,  issuing  from  a  region  with  a  mean  annual 
rainfall  of  from  about  30  to  40  inches  and  with  heavy  snow  falls,  fre- 
quently melting  suddenly  at  the  end  of  winter,  should  not  show 
greater  flood  flows  than  a  maximum  of  about  4  cubic  feet  per  squaii> 
mile  i)er  second.  The  answer  may  be  found  in  considering  the  large 
temporary  storage  on  the  surfaces  of  the  lakes,  marshes,  and  flat 
valleys  of  Oswego  basin.  By  way  of  showing  this  salient ly,  we  have 
prepared  the  following   table,  in   which   appear   the   names  of  the 
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several  lak(*s,  with  their  approximate  cat^'hment  areas,  areas  of  water 
surface,  areas  of  flats  and  marsh,  and  total  area  of  water  surface, 
flats,  and  marsli.  The  table  is  self-explanatory,  and  attention  is 
merely  directed  to  the  footings,  from  which  it  appears  that  the  total 
area  of  water  surface  is,  approximately,  309.3  square  miles,  the  total 
area  of  flats  and  marsh  220.7  sciuare  miles,  and  the  totiil  of  water 
surface,  flats,  and  marsh  530  square  miles. 

Pomltige  areas  in  Oswego  River  basin, 
(1)  SENECA  BASIN. 


Nauie  <»f  liiko  or  river. 


(."atch-     ^   Area  of 
meut  water 

area.         surface. 


■   Area  of 
1  flats  and 
1    marsh. 

,  Total  area 
of  water 

!   Rurfaoe, 
flats,  and 
marsh.. 

Canandaigna 

Keaka 

Senoca 

Cayujfa 

Owasco 

Skaneateles 

Otisco 

Croes 

Onondacm 

Seneca  River 

Monteznma  Marsh 

Miscellaneous  small  ponds . 
Miscellaneous  flat  valleys  . . 


Sti.  m(7f«. 

Sq.  mile». 

175.0 

18.ft 

187.0 

30.3  1 

707.0 

H6.0 

l,.jaj.0 

(XJ.8 

208.(1 

12.  i 

73.0 

12.8 

lU.O 

3.0 

(a) 

4.3 

2:«.o 

4.0 

33:J.0 

3.5 

Hq 


Total    I       3.4;O.0  I 


3.5 


miles. 
8.0  I 
3.0> 

4.0*; 

2.0 
6.5 
0.5  1 
0.5 

0.5! 

(6)        I 
45.0 


215.: 


3f).0 


Sq.  milea. 

aft.  6 

23.3 

70.0 

68.8 

17.9 

13.3 

3.5 

4.3 

4.5 

3.5 

45.0 

3.5 

30.0 


304.: 


(H)  ONEIDA  BASIN. 


Cazenovia 

9.0  ; 
1.3R5.0  1 

2.8 

Oneida     

80.0  1 

Miscellaneous  small  ponds 

5.9 

Miscellaneous  flat  valleys 

1 

Oneida  River     .... 

128.6  1 

0.9  1 

Total    

4,8a5.0  1 

;)04.8 

0.3 
120.0 


tf.O 
2.1  I 


217.4  I 


3.1 

aoo.o 

5.9 
6.0 
3.0 


62J.: 


(3)  OSWE(4(>  BASIN 


Miscellaneous  small  i)onds  . 
Oswetjo  River 


Total. 


1 

2.5  !.. 

2.5 

i«7.6  1 

2.0  1 

3.3 

5.3 

5.002.0 

:«i9.3  1 

22f».7 

530.0 

a  Enluryrement  of  Seneca  River.       h  Area  of  Hats  and  luarsb  included  in  Montezuma  Marsh. 

Dividing  the  total  area  of  water  surface,  flats,  and  mai*sh  of  530 
square  miles  by  5,002,  tlie  area  of  the  eatcliment  basin,  it  appears 
that  the  total  area  of  water  surface,  flats,  and  marsh  is  10.0  per  cent 
of  th(^  whol(».  We  do  not  often  have  flood  run-offs  in  New  York  State 
exceed in«^  3  or  4  inclies  in  depth  over  the  catchment  area,  but  i  inches 
in  deptli  ovc^r  the  Osw(^go  area  would  be  onh*  37.7  inches  on  the  pond- 
age area  of  530  square  miles. 

Several  of  tlie  large  lakes  of  this  basin  fluctuate  considerably  l)e- 
twe(ai  higli  and  low  wat(M\  From  tabulations  given  in  the  rei)Oi't  of 
the  suiM^rintendent  of  public*  works  it  is  shown  that  the  fluctuation  on 
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Skaneateles  Lake,  wliich  is  drawn  ui)oii  as  a  canai  n^tw^rvoir,  is  as 
much  as  5  feel,  and  on  Otisco  Lake  alKmt  4.5  feet.  Aeconling  to  tig- 
iires  given  in  the  Eleven tli  Annual  ReiKjrt  of  tlie  State  Board  of 
Health  of  New  York,  page  520,  it  apix^ars  that  the  maximum  fluet na- 
tion of  Cayuga  Lake  for  a  long  series  of  years  has  In^en  7.50  feet, 
although  this  large  fluctuation  may  hi)  i)ossil)h'  partly  due  to  work 
done  by  the  Stato  in  cutting  out  the  channel  of  S(»neca  River  for  the 
purpose  of  draining  the  3Iontezuma  3Iarsh.  Onlinarily  the  fluctuii- 
tion  of  Cayuga  Lake  <loes  not  exceed  l)4»tween  2  and  3  feet.  Tlius, 
from  March  4,  1887,  to  December  2  of  that  year  the  hike  fell  2.03 
feet,  and  from  March,  1889,  to  Decemlx^r  of  that  year  tlie  fluctuation 
was  2.3  feet.  The  figures  are  not  at  hand  giving  the  fluctuation  of 
Canandaigua,  Keuka,  .Seneca,  and  the  otlier  large  lakes  of  this  basin, 
but  it  may  Ixi  certainly  assumed  that  they  do  not  vary  greatly  from 
the  preceding  figures  of  Skaneat^les,  Otisco,  and  Cayuga  lakes.  ]^y 
way  of  illustrating  how  these  great  natural  reservoirs  tend  to  pn^vent 
floods,  it  may  be  mentioned  that  the  ccmfiguration  of  Cayuga  outlet 
with  relation  to  Clyde  River  is  such  that  frequently,  when  there  are 
heavy  rainfalls  in  tlie  catchment  area  of  Clyde  River,  Cayuga  Lake 
being  at  the  same  time  at  a  low  level,  the  entire  flood  flow  of  Clyde 
River  is  discharged  into  Cayuga  Lake  without  affecting  Seneca  River 
below  the  mouth  of  C'ly<le  River  at  all.  It  is  undoubtedly  due  to  this 
fact  that  fall  floods  on  Oswego  River  are  almost  entiixjly  unknown. 

In  a  litigation  in  1875,  in  the  case  of  Michael  J.  Cummings  against 
owners  and  lessees  of  water  on  Varick  Canal  at  Oswego,  it  was 
assumed  by  the  court  in  the  decision  that  the  extreme  low-water  flow, 
whicli  is  stated  to  usually  occur  in  the  months  of  July  or  August,  is 
al>out  1,170  cubic  feet  per  seccmd,  or  0.21  of  a  cubic  foot  i)er  square 
mile  i)er  second.  This  is  evidently  meant  for  a  few  days  only,  as  the 
same  decision  recites  that  the  low-water  summer  flow  is  from  1,5(M)  to 
1,(570  cubic  feet  per  second,  or  from  about  0.3  of  a  cul)ic  foot  p<'r square 
mile  per  second  to  0.312  cubic  foot.  It  is  i)rol)ablc,  however,  in  view 
of  the  large  evai)orationof  this  basin,  that  the  low-wat(»r  flow  may  be, 
in  some  year  of  extreme*  minimum  rainfall,  somewhat  lower  than  this. 

(It)    CFIITTKNANiiO   CKKEK. 

Tnis  stream  has  a  caichmcnt  an»a  of  3o«>.l»  s(iuare  mih»s  above  the 
gauging  stati(m  at  Bridgeport.  It  is  tributary  to  Oneida  I.ake,  an<l, 
lik«;  many  of  the  Oneida  Lak<»  tributaries,  has  considerable  flat  area. 
The  cxtr(»me  flood  is  tak«Mi  at  4,105  cubic  feci  per  second,  or  13.3  <*ubic 
feet  per  s<iuare  mile  per  second. 

(4)    <»XEID\   CREEK. 

Kenwood,  tlie  point  of  gauging  on  this  stream,  is  pretty  well  up 
from  Oneida  Lake,  of  which  the  Oneida  Creek  is  a  tributary.  This 
stream  has  a  rapid  d<*scent  from  the  hills  above  the  i>oint  of  gauging, 
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whei-e  the  catchment  ai*ea  is  only  51)  square  miles,  and  shows  a  maxi- 
mum flood  of  about  41. l'  cubic  feet  per  square  mile  i)er  second,  with 
ordinary  si)riny:  flooils  of  14.7  cubic  feet  i>er  square  mile  per  second. 

(5)   WOOD   CRKEK. 

This  stream  has  12r>.5  square  miles  of  catchment  ar(»a  alwve  the 
point  of  gauging,  mostly  flat,  level  country.  The  highest  flood 
reiK)rted  was  in  the  spring  of  hSiJo,  when  the  nuiximum  run-off  was 
20.8  cubic  feet  per  square  mile  per  second. 

(6)    WEST  BRA>'CH    OF   FISH   CRKEK. 

The  catchment  area  of  this  str(»am  above  McConnellsville,  the 
point  of  gauging,  is  180.7  square  miles.  The  swamp  and  mai'sh  area 
of  this  stream  is  large  enough  to  distribute  the  floml  flows,  thus  keep- 
ing the  maximum,  which  is  reported  as  having  occurred  in  1884, 
down  to  <),170  cubic  feet  per  second,  or  about  33  cubic  feet  per  square 
mile  i)er  second.  The  owlinary  flood  flows,  as  taken  from  high-water 
marks  on  McConnellsville  dam,  indicate  18.4  cubic  feet  per  square 
mile  i)er  second. 

(7)    EAST   BRANCH    OF   FISH   CREEK. 

The  catchment  area  of  this  stream  above  Point  Rock,  where  the 
gauging  station  is  establishe<l,  is  quite  different  fi*om  that  of  the 
"West  BraiK^h  of  Fish  Creek  above  ^^fcConnellsville.  The  stream 
rises  very  rajndly  and  the  surface  soil  is  such  as  to  give  large  run- 
offs. The  maximum  flood  is  reported  as  having  o(»cuiTed  in  the  fall 
of  1S1»7,  with  a  total  run-off  of  8,4(X)  cubic  feet  per  second,  or  80.5 
cubic  feet  per  s([uare  mile  per  se(*ond.  The  ordinary  floods,  as  deter- 
mined from  high-water  marks,  are  about  30.9  cubic  feet  per  square 
mile  per  second. 

(8)    SALMON   RIVER. 

This  stream  nas  a  catchment  ar(»a  of  190.  o  square  miles  alx)ve  the 
point  of  gauging,  of  which  about  10  to  20  square  miles  are  flats,  the 
balance  of  the  catchment  area  having  rather  sharp  slopes.  The  soil 
is  sandy.  The  maximum  flood  is  reported  as  occurring  in  the  sum- 
mer of  188S,  and  due  to  heavy  summer  rains.  The  maximum  figures 
are  5,070  cubi<^  feet  per  second,  or  29.7  cubic  feet  per  square  mile  i>er 
second.  The  ordinary  floo^ls  do  not  exceed  about  18.8  cubic  feet  per 
square  mile  per  second. 

The*  i)roposed  Salmon  Itivcr  reservoir  will  have  a  water  surface  of 
about  7.5  square  miles,  and  store  about  7,5()O,rK)0,OOO  cubic  feet.  The 
effect  of  this  storage  would  b(»  to  very  greatly  reduce  the  floods  on 
this  stream  below  the  reservoir. 

(9)    IPPER   MOHAWK    RIVER. 

Nos.  (9),  (9a),  (15),  and  (15a)  of  Table  No.  124  give  particulars  of 
flood  flows  at  Ridge  Mills,  2  miles  above  Rome,  and  at  Little  Falls. 
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The  (lain  at  Ridge  Mills,  on  wlii(*li  the  observations  have  Ixn^n  made, 
is  that  of  Rome  waterworks,  whih»  at  Little  Falls  the  gauging  sta- 
tion has  Ikhmi  estal)lislu»d  at  (xilbert's  dam,  the  lowest  on  the  stream. 
Mr.  Harrison's  obs(»rvat ions  of  ^fareh,  IJ^OK,  Ht  Little  Falls,  were  made 
on  what  is  known  as  the  mid<lle  dam. 

Mr.  Harrison's  data,  Ix)th  at  Ridge  Mills  and  Little  Falls,  have  been 
recomputed,  using  the  Cornell  University  eoeffieients.  The  results 
are  o,i*00  eubie  feet  per  second,  or  34.5  cubic  feet  per  S(iuare  mile  per 
second  at  Ridge  Mills,  and  23,740  cubic  feet  per  sec'ond  at  Little  Falls, 
or  IS. 2  cubic  feet  jjcr  square  mile  p<»r  second.  Tliese  iigun^s  include 
the  amount  of  water  ordinarily  passing  through  the  water  wheels. 
The  catchment  area  above  Ridge  Mills  is  lo2.5  square  mih^s  and  above 
Little  Falls  1,300  square  miles,  th«^  ratio  of  Little  Falls  to  Ridge  Mills 
being  8.504.  The  observations  at  Ridge  Mills  and  Little  Falls  cover 
the  period  from  noon  on  March  12  to  0  a.  m.  on  3Iarch  15,  a  second 
maximum  at  Little  Falls  occurring  about  0  p.  m.  on  March  13,  the 
maximum  at  Little  Falls  occurring  about  \)  a.  m.  on  March  14.  If  we 
assume  the  How  of  the  several  tributary  streams  above  Little  Falls  to 
have  been  the  same  as  that  of  the  main  Mohawk  River  abov^e  Ridge 
Mills,  the  maximum  discharge  of  the  entire  drainage  area  is  found  by 
multiplying  5,200,  the  flow  in  cubic  feet  per  second  at  Ridge  Mills,  by 
8.504,  the  ratio  of  the  catchment  areas.  This  gives  a  maximum  inflow 
into  the  Mohawk  River  above  Little  Falls  of  about  45,000  cubic  feet 
per  second.  Probably,  however,  this  assumption  is  too  large  for  the 
special  case  under  ccmsideration,  as  the  flow  of  tlie  Oriskany  Creek 
at  Oriskany,  as  determinc^d  by  Mr.  Harrison  on  March  12,  1^08,  was 
only  OCX)  cubic  feet  i)er  second,  <n'  4.1  cubi(?  feet  per  square  mile  per 
second. 

If,  however,  we  assume  that  at  some  time  the  total  flow  from  the 
tributary  stn^ams  above  Little  Falls  will  approximate  about  35  (uibic 
feet  i>er  sciuare  mile  per  second,  it  follows  that  we  may  exi)ect  an 
inflow  into  the  valley  above  Little  Falls  of  certainly  45,000  eubic  feet 
per  second,  although  probably  in  March,  1898,  it  did  not  reach  that 
figure.  As  to  why  sucli  a  flow  is  possible,  we  may  consider  (1 )  tliat  the 
tributary  streams  all  have  a  rapid  descent  from  the  adjacent  high 
ground,  and  (2)  the  large  temporary  storage*  of  the  flats  above  Little 
Falls. 

By  way  of  showing  the  character  of  the  inflowing  streams,  the  fol- 
lowing data  relating  to  the  descent  of  a  numlH»r  of  the  more  important 
ones  are  cited.  In  the  following  tabulation  we  have  the  name  of  the 
tributary',  distance  from  h(»ad  waters  to  the  mouth,  and  the  elevation 
of  the  head  waters,  the  elevation  being  taken  not  at  the  extreme,  but 
usually  at  som<»  point  where  the  stream  branclu^s,  within  a  short, 
distance  of  the  extreme  head  waters. 
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NaniM  of  Htreum. 


Mohawk  River,  above  Ridflre  Mills 

Nine  Mile  Creek 

Oriskauy  CYeek 

Saqnoit  Creek 

Sterling  Creek 

Mayer  Creek 

Weat  Canada  Creek 

East  Canada  Creek 

Canajoharie  Creek 

Cayadutta  Creek 

Schoharie  Creek 

Cobleskill  (tributary  of  ti^choharie  Creek ) 

Rata  via  Kill  (triVmtary  of  Schoharie  Creek ) . 

Chnctenunda  Creek 

South  CTiuctennnda  Creek 

Alplaus  Kill 


Distance 

Elevation 

from  head 

of  head 

wat«*r«  to 

waters  above 

month. 

tide. 

Jf/Zfit. 

»J 

1.086 

10 

7«) 

1» 

l.dftUo  1.210 

15 

1,201) 

0 

I.INIO 

7 

l,2rt0 

04 

2.»K) 

19 

1,600 

15 

1.350 

12 

H(N) 

75 

l.HflO 

a) 

1.177 

17 

2,m) 

8 

KliO 

11 

1.100 

V2 

ouo 

As  further  sliowinu:  tliat  Ui)ijer  3I()hawk — tlie  portion  above  Little 
Fall« — must  he,  so  far  as  delivery  in  the  broad  level  valley  is  con- 
cerned, a  relatively  rapid  stream,  we  may  consider  that  this  division 
of  the  catchment  area  is  quite  narrow,  being  at  the  extreme  western 
end  about  45  miles  and  at  Utiea  al>out  25  miles.  On  the  north  side 
of  the  valley,  Black  River  Canal,  following  the  general  course  of  the 
river  an4  its  chief  tributary  above  Rome,  the  Lansing  Kill,  rises  to 
an  elevation  of  1,lHM)  feet  on  the  Hoonville  summit  in  a  distance  of  25 
miles.  To  the  south  of  T'lica  the  abandoned  Chenango  Canal,  follow- 
ing a  (*ircuitous  route,  reaches  an  elevation  of  1,120  feet  on  the 
Boucksville  summit  in  a  distance  of  about  24  miles. 

The  mean  elevation  of  the  Mohawk  Valley  propter,  from  a  short 
distance  above  Little  Falls  to  Rome,  may  b(»  taken  from  about  380  to 
420  or  430.  At  Rome,  above  feeder  dam,  the  elevation  of  wrater  surface 
above  mean  sea  level  is  430.5  feet;  at  the  New  York  C/Cntral  and 
Hudscm  River  Railroad  crossinir,  4  miles  east  of  Rome,  it  is  41 8. 4  feet; 
at  the  New  Vork  Central  and  Hudson  River  Railroad  crossing,  3 
miles  east  of  Utiea,  the  water  surface  is  3U3.3  feet;  at  the  mouth  of  the 
Schoharie  Creek  it  is  about  270  feet,  and  at  the  New  York  Central 
and  Hudson  River  Railroad  crossing  at  Schenectady  it  is  214  feet. 
The  foregoing  tabulation,  which  includes  streams  below  Little  Falls, 
as  well  as  above,  indicates  that  rapid- flood  delivery  is  the  marked 
characteristic  of  all  the  tributary  ^fohawk  streams.  The  data  given 
in  Table  124  of  flood  flows  may  be  further  taken  as  substantiating  this 
view. 

The  area  of  the  flats  between  Little  Falls  and  Rome  as  computed 
from  thc^  United  States  Geological  Surv(»y  t olograph ical  sheets  is 
about  21  s(|uare  miles,  this  area  including  in  effect  the  flats  between 
400  and  42n  contours.  Adding  thereto  somewhat  for  nearly  level 
areas  above  the  420  contour,  we  may  take  total  area  on  which  tempo- 
rary pondage  may  exist  during  flood  flows  at  something  like  30  square 
miles.  The  etTect  of  this  pondage,  so  long  as  the  present  natural  con- 
ditions are  maintained,  will  b(»  to  considerably  lengthen  the  period  of 
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flood  run-off  at  Little  Falls,  thus  decreasing  the  luaximuni  at  that 
place. 

The  Mohawk  River  flood  of  August  24  to  20,  1S08,  may  be  referi'ed 
to.  On  August  23  and  24  very  lieavy  thunderstorms  occurred  through- 
out the  central  and  eastern  portions  of  the  State.  They  were  espe- 
cially severe  about  Utica,  with  the  result,  so  far  as  can  I)e  learned,  of 
yielding  a  nearly  unin'ecedented  summer  flood  in  Mohawk.  The 
Mohawk  flats  between  Herkimer  and  Rome  were  so  far  covered  with 
w^ater  as  to  do  great  damage  to  standing  crops.  The  water  was  still 
standing  on  the  flats  (m  tlie  afternoon  of  August  27,  but  was  down  into 
the  channel  again  on  the  afternoon  of  the  28th.  On  referring  to  Table 
No.  124,  we  learn  that  the  Nine  Mile  Creek  at  Stittville,  with  a  catch- 
ment area  of  62.0  square  miles,  flowed  on  August  25  approximately 
7,820  cubic  feet  per  second,  or  124.9  cubic  feet  per  square  mile  i^er 
second.  The  West  Canada  Cr(»ek  at  Middleville,  where  the  catch- 
ment area  is  518.7  square  miles,  gave  a  flow  on  August  25,  1808,  of 
about  12,050  cubic  feet  per  second,  or  about  24.0  cubic  feet  i)er  square 
mile  i)i'r  second.  The  East  Canada  Creek  also  showed  a  flow  of  G,330 
cubic  feet  per  second,  or  24.7  cubic  feet  per  square  mile  i>er  second. 
Probably  these  flows  were  for  very  sliort  periods,  perhaps  two  or 
three  hours,  because  the  highest  flow  over  the  middle  dam  at  Little 
Falls,  the  one  on  which  Mr.  Harrison  made  his  gaugings,  was  about 
4  feet  to  4.5  feet  in  depth,  equivalent  to  from  12,0(M)  to  14,0CK1  cubic 
feet  per  secon<i,  the  temporary  storage  of  the  flats  reducing  the  quan- 
tity at  Little  Falls  very  greatly. 

By  way  of  showing  the  quantity  jf  rainfall  which  caused  the  floo<l  of 
August  24  and  25,  1808,  the  following  precipitations  at  a  number  of 
points  in  the  central  and  eastern  x)ortions  of  the  State  aiv  cite<l  from 
themontlih'  report  of  the  New  York  State  Weather  Bureau: 


Vttino  of  i.laiM.  Rainfall      Rainfall       m,.*„, 

.Name  or  plan.  AuKUHta:J.  AngUHt24.:    ^*'^*^^- 


Tnchea.     I      Inchtts.     \  Inchvs. 

Cooperstown l.Utt  ,  1.40  3.:» 

Oneonia Mu  2.1x1  3.28 

Gloversvillo 1.24!  l.;«)  ,  2.r>t 

Little  Falls  (near  city) 0.»Vt  '  0..")*$  |  1.20 

Little  Falls  reservoir  (8  miles  north) l.W  1  2.7K  i  4.40 

Number  Four 1.71'  O.HS  ;  2..')» 

Kinjcs  Station O.a")  ,  2.»i  |  2.71 

Albany 0.50  1.81  2.*J 

Greenwich 1.1«  1.58  1  2.74 

Rome 1.21)  1.4<)  I  2.00 

Saratoga  Si irinKs 0.2:31  1.7»  2.02 

Watertown 1.45  0.4,}  1.88 

__!___!_ !  

Taking  all  the  facts  into  (*onsideraiion,  then?  seems  to  be  no  rea- 
sonable doubt  but  that  the  streams  tributary  to  Moliawk  River  above 
Little  Falls  for  a  short  time  on  August  24  or  25  delivered  water  into 
the  flat  area  at  the  rate  of  jx^rhaps  4;),(H)0  cubic  feet  per  second.  By 
way  of  illustrating  further  why  thi.s  large  inflow  did  not  produce  a 
greater  flow  at  Little  Falls,  we  may  cimsider  that  for  from  thirty  to 
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fifty  days  previous  to  .Viigust  23  the  rainfall  on  and  in  the  vicinity 
of  Mohawk  catchment  area  had  been  rather  low.  The  total  for 
Mohawk  Valley  in  July  as  deduced  from  Weather  Bureau  stations  at 
Little  Falls,  Canajoharie,  St.  Johns ville,  and  Rome  was  3.93  inches, 
2.53  inches  of  this  having  fallen  on  July  18  and  19.  The  concentra- 
tion of  the  rainfall  of  the  month  into  these  two  days  had  the  effect  of 
sending  a  very  large  portion  of  it  into  the  streams,  only  a  small  i)or- 
tion  going  to  replenish  ground  water.  On  August  1  the  Mohawk  Val- 
ley record  shows  1.18  inches  precipitation,  the  total  for  that  month 
being  7.12  inches.  We  may  assume,  therefore,  that  ground  water 
was  rather  low  August  23.  Hence  Mohawk  flats  were  in  shape  to 
absorb  a  considerable  portion  of  the  water  delivered  upon  them  into 
the  interstices  below  the  surface.  Assuming,  as  already  stated,  30 
square  miles  to  be  more  or  less  affected  by  such  an  inflow,  and  fur- 
ther assuming  the  interstices  of  the  soil  of  this  30  square  miles  to  be 
for  the  first  8  or  10  feet  of  depth  about  30  to  40  per  cent  of  the  whole 
volume,  w^e  reach  the  conclusion  that  the  temporary  storage  of  the 
flats  may  have  been  as  much  as  3, OCX), 000, 000  to  4,000,000,000  cubic 
feet,  w  hich  sufficiently  explains  why  the  outgo  at  Little  Falls  did  not 
exceed  12,000  to  14,000  cubic  feet  per  second. 

An  application  of  the  foregoing  discussion  of  floods  in  Mohawk 
River  above  Little  Falls  may  be  made  to  the  proposed  deep-water- 
wsiys  channel  in  this  way.  So  long  as  present  conditions  are  main- 
tained the  flood  flows  above  Little  Falls  are  distributed  and  reduced 
about  one-half  in  intensity  at  that  place.  If,  however,  the  whole  vol- 
ume be  taken  into  the  new  channel,  conditions  are  so  far  changed  as 
to  make  it  necessary  to  dispose  of  the  whole  quantity  at  Little  Falls 
practically  at  once.  The  author's  view"  is,  therefore,  that  the  spill- 
way arrangements  of  locks  at  that  point  should  provide  for  at  least 
50,0(X)  cubic  feet  per  second  if  the  whole  flow  of  the  tributary  streams 
above  that  x^lac^  be  taken  into  the  deep  waterways  canal.  If,  on 
the  other  hand,  diversion  channels  are  constructed  diverting  Mohawk 
River  above  Rome  into  Wood  Creek  catchment  area,  and  Oriskany 
and  Sauquoit  creeks  into  an  independent  channel,  delivering  them  at 
Little  Falls,  outside  of  the  canal,  then,  in  that  case,  of  course  propor- 
tionate reductions  may  be  made. 

The  foregoing  figures,  however,  do  not  take  into  account  the 
extreme  maximums;  so  far  as  can  he  now  seen,  from  40,000  to  50,000 
cubic  feet  per  second  delivery  into  the  flats  above  Little  Falls  is  rather 
common.  The  extreme  maximum  must  be  considerably  greater  than 
this.  Without  being  able  to  cite  specific  fioods  proving  the  state- 
ment, the  author  is,  nevertheless,  disposed  to  say,  taking  into  account 
the  know^n  maximum  floods  of  other  streams  of  the  State — as,  for 
instance,  Chemung,  Genesee,  and  Croton  rivers — that  at  some  time 
Mohawk  River  above  Little  Falls  may  yield  something  like  GO,0(X)  to 
70,000  cubic  feet  per  second,  or  at  the  rate  of  perhaps  4G  to  54  cubic 
feet  per  square  mile  per  second. 
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A  study  of  the  flood  flows  of  Mohawk  Kiver  would  be  incoiiix)let<5 
without  some  reference  to  the  surface  geology  of  the  catchment  area. 
The  main  t rough  of  the  valley  lies  entiivly  within  the  horizon  of  Hud- 
son River  and  Utica  shales,  where  tlie  soils,  aside  fi-om  immediately 
in  the  flat,  level  valley,  are  heavy  and  (fonipsict.  On  tlie  north  side, 
beyond  the  liorizon  of  the  shales,  Trenton  limestone  and  calciferous 
and  sand  rock  appcai*.  At  Little  Falls,  St.  Johnsville,  and  Amster- 
dam these  formations  extend  down  into  the  valley  to  the  thretid  of 
the  stream.  To  the  north  of  the  Trenton  limestone  and  calciferous 
sand  rock  the  Laurentian  granite  appeal's,  the  headwatei-s  of  West  and 
East  Canada  creeks  lying  in  this  formation,  while  the  less  extended 
streams  on  the  north  side  terminate  «Mtlier  in  the  shale  or  limestone 
and  sand  rock  horizons.  In  the  vicinity  of  Fonda,  Johnstown,  Glov- 
ersville,  and  May  field  the  shale  formations  extend  for  some  distance 
to  the  north  of  the  trough  of  the  valley,  as  also  they  do  farther  east, 
to  the  north  of  Schenectady. 

To  the  south  of  the  trough  of  Moliawk  Valley  we  have,  fii-st,  the 
shales,  followed  in  ascen<ling  series  by  the  Medina  and  Oneida  sand- 
stones, the  shales  and  limestimes  of  the  Clinton  formation,  the  Niagara 
limestones,  the  rocks  of  the  salt  group,  the  Ilelderl>erg  limestone,  the 
Oriskany  san<lstone,  tlie  Onondaga  limestone,  and,  finally,  the 
extended  area  covered  by  the  Catskill  and  Chemung  sandstones.  The 
headwaters  of  Schoharie  Creek  issue  mostly  from  Catskill  formation, 
although  the  extreme  hea<l waters  flow  from  off  Oneonta  sandstone, 
which,  however,  is  closely  allied  to  Catskill.  The  shorter  streams  on 
the  south  side  issue  from  tlie  horizon  of  Hudson  aiul  Utica  shales,  the 
same  as  short  streams  to  the  north. 

The  soils  of  a  large  proportion  of  Moliawk  River  (catchment  area 
are  eonseiiuently  heavy  and  impermeable,  and  further  tend  to  give 
heavy  run-offs  at  time  of  flood  flow. 

LOWER  MOHAWK  RIVER. 

As  regards  flood  flows,  Mohawk  Rivei*  <livides  naturally  at  Little 
Falls.  Below  that  point  the  flat  aiva  is  relatively  more  restricti^d, 
and  the  flood  flows  probably  larger  in  volume  than  at  Little  Falls. 
Serial  number  20  of  Table  No.  124  gives  particulars  of  the  highest 
flcHKl  at  Rexford  Flats  just  l)elow  Schen(»cta<ly,  where  the  catchment 
area  is  3,384.*.)  square  miles.  A(»cordiiig  to  the  Report  on  Water 
Power  in  the  United  States  of  the  Tenth  C-ensus,  in  an  extreme  floixl 
which  occurred  about  1800  to  ISOo,  there  is  slat<»d  to  have  been  a  depth 
of  12  feet  of  w-ater  on  the  Cohoes  dam,  which  is  1,400  feet  in  length. 
If  such  a  dei)th  actually  occurred,  the  discharge  may  have  been  over 
200,000  cu])ic  feet  per  second.  Probably,  however,  it  was  only  tem- 
porary and  due  to  an  ice  gorge  at  some  point  above.  The  information 
at  hand  does  not  indicate  over  about  78,350  cubic  feet  per  second,  or 
23.1  cubic  feet  per  s<iuare  mile  per  second  at  Rexford  Flats  dam. 
The  maximum  must,  however,  be  very  much  larger  than  this. 
H.  Doc.  149 51 
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(10)  NINE   MILE   CREEK. 

The  heavy  nin-off  of  this  stream  of  August  25,  1898,  of  7,820  cubic 
feet  per  second,  or  124.9  cubic  feet  i>er  square  mile  per  second,  has 
already  been  refeiTed  to  and  the  reasons  tliei'efor  given  in  discussing 
the  Mohawk  River.  Mr.  Harrison's  gaugings  of  March  12,  1898,  show 
1,8(K)  cubic  feet  per  second,  or  28.7  cubic  fe<*t  per  square  mile  per 
second. 

(11)  ORISKANV   CREEK. 

This  stream  is  stated  to  liave  given  a  flood  flow  in  the  spring  of  1896 
of  7,510  cubic  feet  per  second,  or  52.7  cubic  feet  per  squai-e  mile  per 
second.  On  March  12,  1898,  Mr.  Harrison's  gaugings  showed  900  cubic 
feet  per  second  flowing. 

(12)    ORISKANV    CREEK    AT   COLMANS. 

A  gauging  station  was  also  establislied  at  Colmaiis  on  the  Oriskany 
Creek,  where  the  catchment  area  is  140.7  square  miles,  the  area  at 
Oriskany  being  144.3  square  miles.  The  object  of  establishing  the 
Colmans  station  was  to  obtain  comparative  data  as  to  flow  over  two 
dams  on  the  same  stream.  Tlie  maximum  flood  reported  is  for  the 
spring  of  1888,  when  the  extreme  flow  was  7,830  cubic  feet  i>er  second, 
or  55,8  cubic  feet  per  square  mile  i)er  second.  These  figures,  it  will 
be  noticed,  compare  very  closely  with  the  flow  reported  as  taking 
place  at  Oriskany  in  the  spring  of  189f). 

(13)    SAUgUOIT   CREEK. 

The  figures  for  this  stream  are  not  very  definite,  but,  as  far  as  they 
go,  indicate  tli at  flows  of  53.4  cubic  feet  i>er  square  mile  per  second 
are  common. 

(14)    WEST   CANADA   CREEK. 

The  extreme  flow  of  this  stream  is  reported  to  have  occurred  August 
25,  1898,  as  already  discussed  in  the  chapter  on  Mohawk  River.  On 
March  20,  1898,  after  the  extreme  flow  of  last  spring  had  passed  by, 
Mr.  Harrison  determined  a  flow  of  4,3r)0  <»ubic  feet  i)er  second,  or  8.4 
cubic  feet  per  scjuare  mile  per  second. 

(15)    MOHAWK    RIVER   AT    LITTLE    FALL.S. 

The  information  at  this  station  has  already  been  presented  in  the 
chapter  on  Mohawk  River. 

(16)    EAST   CANADA   CREEK. 

The  maximum  flow  of  this  stream  is  also  reporteil  as  having  occurred 
August  25,  1898,  amounting  to  6,330  cubic  feet  per  second,  or  24.7 
cubic  feet  per  square  mile  per  second.  It  is  probable  that  the  heavy 
rainfall  of  August  23  and  24  did  not  extend  over  the  greater  part  of 
this  basin.  At  North  Lake  the  rainfall  of  these  two  days  was  only 
0.89  inch. 
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(17)    OAROOA   CREEK. 

So  far  as  can  be  learned,  the  flow  of  this  stn^am  is  tolerably  con- 
stant, extreme  floods  not  having  occurred  in  recent  years.  The 
reported  figures  indicate  15. H  cu])ic  feet  per  square  mile  per  second. 

(18)  CAYADUTTA   ('REEK. 

This  stream  has  a  catchment  area  of  40  Sijuare  miles  and  is  reported 
to  have  given  in  180G  a  flow  of  72.4  (»u])ic  feet  per  s(iuare  mile  i)er 
second. 

(19)  SCHOHARIK   CREEK. 

The  catchment  area  of  this  stream  above  tlie  point  of  gauging  is 
94(3. 7  s<iuare  mik^sand  is  reported  to  have  given  a  maximum  flood  in  1892 
of  41,300  cubic  feet  per  second,  or  44  cubic  feet  per  square  mile  per 
second.  The  ordinary  floods  of  this  stream  are  from  30,0(M)  to  35,000 
cubic  feet  per  second.  As  stated  in  the  chapter  on  the  Mokawk 
River,  the  headwatei"s  of  Schoharie  Creek  issue  from  the  liorizou  of 
the  Catskill  sandstone,  wliich  is  closely  allied  to  Chemung,  from 
whence  it  is  probable  that,  like  Genesee  River,  in  the  western  part 
of  the  State,  the  floods  are  not  only  frequent  but  hea\'y\  Indeed, 
tradition  ascnbes  to  this  stream  exceedingly  heavy  floods. 

(20)    MOHAWK    RIVER   AT    REXF<)R1>   FLATS. 

Ah-eady  discussiMl  in  the  cha[)ter  on  Mohawk  River. 

(21)    Hri>SON    RIVER. 

The  maximum  flood  of  this  sti'eam  is  stated  to  have  occurred  in  the 
spring  of  1800,  and  amounted  to  about  70,(>00  cubic  feet  per  second,  or 
15.5  cubic  feet  per  squai'e  mile  per  second,  (laugings  have  been 
made  at  MechanicviUe  for  eleven  years,  the  highest  floo<l  during  the 
gauging  period  having  been  59,400  cubic  feet  i)er  second  on  April  9, 
1890.  The  large  pondage  on  natural  lakes  and  ponds  on  the  head- 
waters of  Hudson  tends  to  ivduce  tlie  severity  of  the  floods.  Table  No. 
124  also  includes  information  as  to  fl<K)ds  at  Fort  Edward,  on  Hudson 
River,  as  derived  from  the  gaugings  kei)t  at  that  place  for  the  last 
thi*ee  years.  On  April  1 S,  1890,  t  he  water  stood  on  the  crest  of  the  Fort 
Edwanl  dam  at  the  height  of  8. 10  feet,  giving  a  computed  flow  of  41,075 
cubic  feet  i)er  second,  or  14.7  cubic  feet  per  square  mile  per  second. 
The  water  wheels  of  the  Fort  p]dward  mill  of  the  Glens  Falls  Pai)er 
Mill  Company,  when  all  running,  use  4,(^00  cubic  feet  of  water  per 
second.  The  gauging  recrord  shows  that  they  were  all  idle  on  April 
18,  1896.  The  ordinaiy  floods  at  Fort  Edward,  as  determined  from 
the  last  three  years'  record,  may  be  taken  at  about  20,000  cubic  feet 
per  secimd,  or  9.2  cubic  feet  per  .square  mile  per  sec(md. 
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(22)    TO    (28)    WEST   BRANCH   OF   FISH   CREEK. 

•  In  this  division  will  he  found  such  in  format  iou  as  has  been  obtained 
as  to  flood  flows  of  the  upper  section  of  West  Branch  of  Fish  Creek, 
the  computed  quantities  l)ein^  basc<l  on  a<*tual  measurements  of  the 
lenjrths  and  on  approximate  cross  se<»tions  of  the  several  dams,  as  well 
as  on  well-defined  flood  marks  at  each  dam. 

(29)  FISH    C?REEK. 

According  to  ^Ir.  Harrison,  the  flow  of  Fish  C-reek  below  the  mouth 
of  Wood  Creek  on  March  15,  1808,  was  7,5I>7  cubic  feet  i)er  seccmd. 

(30)  FISH   CREEK. 

The  previous  gauging,  No.  (20),  of  Fish  Creek  included  the  flow 
of  both  Fish  and  Wood  creeks,  while  th(»  present  one.  No.  (30), 
includes  only  the  East  and  West  branches  of  Fish  Creek  as  gauged 
March  14,  1808,  by  Mr.  Harrison  at  a  point  a  sh(n-t  distance  below 
Taberg  station.  The  flow  was  found  to  be  o,875  cubic  feet  per  second, 
or  15.2  cubic  feet  per  square  mile  per  se<'oml. 

(81    AND  82)    MAI)   RIVER. 

This  stream  is  tributary  to  tlie  West  Hranch  of  Fish  Creek  at  Cam- 
den. The  reported  figures  in<iicate  a  maximum  flow  of  21  cubic  feet 
per  square  mile  per  second. 

(38)  NORTH  BRANCH  OF  HIO  SANDY  CREEK. 

This  Stream,  with  several  following,  is  tributary  to  the  prox)osed 
Black  River  feeder.  It  <l(»scends  rapidly  from  a  region  of  heavy  soils 
underlaid  by  Trenton  limestone,  the  maximum  flow  reported  anumnt- 
ing  to  07.3  cubic*  feet  per  sciuare  mile  p(»r  s<MM)nd. 

(84)  SOUTH  BRANCH  OF  BIO  SANDY  (^REEK. 

This  stream  is  also  tributary  to  Black  River  feeder.  The  maximum 
flood  reported  S7.7  cubic?  feet  per  s<iuan»  mile  ])er  sec'ond. 

(85)    SKINNER   CREEK. 

This  stream  has  a  very  siiuiU  c*atchment  area  of  i\A  sc^uare  miles. 
The  maximum  flood  is  givc»n  at  124.L*  cubic  fc^et  pc»r  sc^uare  mile  per 
second. 

(80)    TROUT    BROOK. 

The*  maximum  flood  reportcMl  on  lliis  stream  is  .V).o  cubic  feet  i)er 
square  mile  i>er  sec^oiid. 
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(:H7)  salmon*  river  at  altmar. 

A  ccnnparisoii  of  th(»  data  at  this  place  with  those  obtained  at  the 
gau|j:in<c  station  1  mile  above  Salmon  Falls  shows  as  follows: 


I        «e'<^«"<»-        ^   Hquan*  mile. 

j  JInxi- 1  Onli-     Maxi- '  Or«li- 
I  muiti.  ]  nary.  ,  mum.     nary. 
-    .  ^  i  ~ '  ~~ 

Han^CiiiK  Ntation 5.«70      :t..jW)  |      20.7  1S.8 

Altmar :    «.  liH»      4.(45  j      :»7.«  is.a 

These  results  eompan^  as  wcdl  as  flocwl  computations  from  data  of 
different  dams  can  l)e  expected  to  compare. 

(3S)    BEAVER    1»AM   <'REEK. 

TIlis  sti'cam  is  reporte<l  as  ^iviu«»:  a  maximum  of  111  cubic  feet 
per  square  mile  ]M»r  second  from  a  cat<*hment  area  of  -n.7  s(iuare 
miles. 

(:{»T0  52)    FL(>01>S   O.V    IILACK    RIVEU   AND   TRIBI'TARIES. 

Heavy  flomls  have  occurred  on  Black  River  in  ISO?,  1n:33,  1850, 1857, 
18r»L>,  iscfi,  i8(;i),  and  Isjm;.  Tlie  flood  of  April  20  to  24,  lsr>ii,  was 
sj)ecially  heavy,  there  being  a  lieavy  snow  fall  over  nearly  the  entire 
catchment  area,  which  m(dte<l  rapidly  that  year.  In  addition  to  the 
ground  being  heavily  covei'cd  with  snow,  about  2.2  inclies  of  rain  fell 
in  some  parts  of  IHack  River  catchment  ])asin  from  April  17  to  23, 
thougli  this  quantity  of  rain,  which  was  only  over  a  portion  of  the 
catchment  area,  hardly  exi)laiiis  the*  severity  of  the  flood.  The 
greater  portion  of  tlie  water  evidently  came  from  rapid  melting  of 
snow. 

On  April  21,  ISOU,  the  banks  of  North  Lake  reservoir,  a  structure 
maintained  by  the  State  for  tin*  pur])ose  of  storing  water  for  Hlack 
River  and  Erie  canals,  gave  way,  iirecnpitating  into  the  already 
heavily  swollen  stream  a])out  350,()O0,O(»O  cubic  feet  of  water.  This 
accident  was  nni<le  Xho  basis  of  large  claims  for  damages  against  the 
State,  which  were  tried  before  the  canal  appraisers  in  the  summer  and 
fall  of  18<)1>.  The  testimony  in  this  case,  which  included  two  large 
octavo  volumes  of  over  1,200  pages,  is  the  source  of  the  following 
information  as  to  flood  flows  of  Black  River  and  its  tributaries  in  the 
spring  of  18(;i»: 

The  Black  River  flood  of  April,  isr,0,  was  studie<l  by  David  M. 
Green,  Samuel  McElroy,  William  J.  Mc Alpine,  L.  L.  Nichols,  and 
other  hydraulic  engineers  of  that  day.  The  testimony  nmy,  there- 
foiv,  be  referred  to  as  furnishing  unusually  good  flood  data.  The 
information  embodied  in  Tabh^  No.  124,  serial  numbers  30  to  r)0,  inclu- 
sive, is  derived   from  a  table  prepared  by  L.  L.  Nichols,  to  be  found 
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in  volume  1  of  the  testimony,  page  040.  Mr.  Nichols  states  in  his  tes- 
timony that  he  not  only  nieasure<l  the  lengths  of  the  crests  of  the 
dams  on  the  several  streams  for  which  the  flood  flows  are  given,  but 
that  he  also  instnimentally  determined  the  height  of  flood  marks  above 
the  crests.  This  work  whs  done  within  a  few  months  after  the  flood, 
while  the  mattei-  was  fresh  in  the  minds  of  everylx)dy.  lie  furth<»r 
states  that  the  tabulated  flood  flows  weiv  obtained  by  computing  with 
Francis's  formula  for  discharge  over  sharp-crested  weirs  with  clear 
overfall.  The  dams,  however,  on  which  the  flood  flows  were  meas- 
ured wen^  of  such  a  form  as  to  indicate  the  use  of  Cornell  experiments 
Nos.  1  or  2,  as  giving  more  nearly  the  actual  flows,  and  accordingly 
the  flows  have  been  recomputed  for  Table  No.  1l*4  by  the  use  of  the  said 
coefficients.  Hy  way  of  showing  the  relation  l>etween  the  flows  as 
per  Francis's  formula  and  l)y  Cornell  t»xperiments  Nos.  1  and  2,  the 
following  table  is  submitted,  the  last  column  giving  the  difference 
between  Francis's  formula  and  the  mean  of  experiments  Nos.  1  and  2 
as  a  per  cent  of  the  flow  by  Francis's  fonnula: 


Hea<l  on  crest,  in  feet 

Cnbiofeet  iHjr 
l>er  foot 

Cornell  ex-, 
periments    Fr 
No«.          fo 
1  and  2. 

second 

ancisj* 
rmula. 

Difference 

of 
oolumns 
2  and  3. 

t4> 

Difference 
a.saper 
cent  of 
flow  by 
FranciH's 
formula. 

(1) 

l2) 

— 

15) 

0.5 

a  1.17 

1.18 

3.33 

6.12 

9.42 

13. 1») 

17.30 

21.  W 

2»l.(M 

31. 7S 

37.20 

0.01 
aO.ll 
0.47 
l.OK  ' 
1.43 
1.82 

2.;x) 

3.JtJ 
3.«2 
4.2l> 

0.8 

1,0 

a3.44 
firt..TO 
10.50 
14  59 
W.  12 
24. 20 

3.3 

1.5 

7.7 

2.0 

10.4 

2.5        

10.8 

3.0 

10.5 

8.5 

10.5 

4.0 

29.»Jfi 
:J5.40 
4l.4rt 

11.3 

4.5 

11.4 

6.0 

11.5 

•  t  MvHU  taken. 

In  passing  it  may  be  remarked  that  with  the  exception  of  Hudson, 
Chemung,  Croton,  and  Genesee  rivers  all  of  the  flood  flows  over  dams 
included  in  Table  No.  124  have  be<*n  computed  by  either  Bazin's 
coeflicients  or  by  the  coefficients  deduc(Hl  from  the  C-ornell  Univei*sity 
experiments. 

According  to  statement  of  Samuel  McKlroy,  in  Black  River  flood 
cases,  in  its  course  from  head  waters  in  Hamilton  County  to  Lake 
Ontario  at  I)ext(M*,  ]>lack  River  has  topographically  three  distinct 
subdivisions:  (1)  The  upper  valley  above  Lyoius  Falls;  (2)  the  long 
level  stretch  from  Lyons  Falls  to  Carthag(s  and  (3)  the  lower  valley 
with  rapid  fall  from  Carthage  to  Black  River  Bay.  The  second  divi- 
sion, from  Lyons  Falls  to  Carthage,  is  a  broad,  flat  valley  with  a  bot- 
tom area  of  from  30  t()  35  .square  miles. 

The  catchment  area  of  the  whole  river  above  Dexter  is  1,930.2  square 
miles;  above  ( -arthage,  1,812.2  square  miles,  and  above  the  mouth  of 
the  Moose  River,  4G3  square  miles.     The  following  are  the  areas  of 
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the  principal  tributaries:  Ih^w  River,  at  mouth,  102  square  miles; 
Heaver  River,  at  mouth,  XnJ)  square  miles;  Moose  River,  at  moutli, 
415.5  .s(iuare  miles;  Woodhull  Creek,  at  moutli,  IOS.4  square  miles; 
Otter  Creek,  al)ove  Casler's  dam,  »»o  s<[uare  miles;  Independence 
Creek,  U'S.2  s<|uare  miles. 

The  descent  of  the  river  above  Lyons  Falls,  as  well  as  below  Car- 
thajLce,  is  V4»ry  rapi<l.  At  North  Lake  reservoir  tlie  elevation  is  1,S21 
feL*t  abov(^  tide;  at  Forest i)ort,  1,12<*)  feet;  at  I^yons  Falls,  alM)ve  the 
dam,  71»0  feet,  and  at  ('artha^e,  7l*o  feet.  At  Dexter,  at  Lake  Ontario 
level,  the  elevation  is  247  feet. 

Throughout  the  tlat  portion  of  the  stream,  between  Lyons  Falls  and 
Carthajjre,  the  I'iver  at  ordinary  stages  ranj^es  from  250  to  -ioi)  feet 
wide,  increasing  to  about  5(m)  f(M't  above  the  Carthage  <lam,  which  is 
OGO  feet  h)n«r.  In  a  powerful  fi-eshct  like  that  of  ISOi)  the  flats  (m  each 
side  are  overflowed  to  a  great  width  and  considerable  depth,  the  ([Uan- 
tity  of  water  accummulated  in  large  floo<ls  being  computed  at  from 
4,0(X),0()0,()00  to  0,(K)i),O()(),()(K)  <.ubie  fe(4.  If  w(»  take  into  account  the 
water  ludd  in  the  interstices  of  the  soil,  the  temporary  storage  is  con- 
siderably higher  than  indicated  by  these  flgur«Ns.  In  this  reach  of  the 
river,  which  is  alluvial  in  its  tormation,  there  an*  now  two  dams  of  4 
feet  each,  with  locks  for  facilitathig  navigation. 

The  river  has  uoalflutMits  of  any  magnitude  below  Carthage,  but  a 
few  miles  above  tlmt  plac(%  on  tlie  west  side,  [)e<'r  River  comes  in. 
There  are  also  a  number  of  secon<lary  creeks  between  Deer  River  and 
Lyons  Falls.  On  the  east  side  the  chief  affluents  are  Heaver  River, 
Independence  Creek,  Otter  Creek,  and  other  secondary  creeks  below 
Lyons  Falls,  with  Moose  River  flowing  in  just  above  Lyons  Falls.  All 
of  these  streams  between  Carthag(»  and  Lycms  Falls  have  viM-y  rapid 
descents,  with  conseiiuenti  larg*^  flood  flows. 

The  following  tabh^  gives  the  catchment  area  of  Otter  and  Inde- 
pendence <*re(»ks,  as  well  as  of  Heaver  and  Deer  rivei-s  and  i^lack 
River,  inchnling  Moose  above  Lyons  F'alls,  together  with  the  flood 
flows  for  A[)ril,  isr.i),  the  flood  flows  having  been  <'orr<^ct<»d  from  Mr. 
Ni(*hols's  original  table  by  the  us<*  of  the  Cornell  <M)<»flicients  in  the 
manner  alreadv  des(MMbed: 


Namo  of  Htream.  ^''anSl'"'''^     FhHKltlow. 

I  (^K./t.  pt'r 

I  S<j.  mihs.  ittrontl. 

Otter I  iW.t)  •  1.W4 

IiMU'IJendenre \Ki  :*  tVJiH) 

Beaver :«:.*. a  I  r>,3KJ 

De«*r miH  7,881 

Blark 87M.5  4<».4UI) 

Total 1.457.8  i  01,8ir7 

From  this  table  it  apjH^ars  that  a  catchment  an^a  of  1,457.8  sipmre 
miles  yielded  a  maximum  flood  flow  about  April  22,  18()!),  of  01,807 
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cubic  feet  per  second,  or  at  the  rate  of  42.3  cubic  feet  per  square  mile 
per  second.  The  total  area  above  Carthage,  however,  is  1,812.2  square 
miles.  Assuming  tlie  same  average  flow  from  the  balance  of  the 
catchment  area  as  from  the  1,457.8  square  mile^  included  in  the 
streams  tabulated,  it  follows  that  the  total  inflow  to  the  pond  area 
between  Carthage  and  Lyons  Falls  was  at  the  rate  of  75,830  cubic  feet 
per  second.  Table  No.  124  shows,  however,  that  the  greatest  flow  at 
Carthage,  which  occurred  April  23,  1800,  was  onl}'  30,520  cubic  feet 
per  second,  the  effect  of  tlie  temporary  pondage  al)ove  that  plac«  hav- 
ing l)een  to  reduce  the  flood  from  about  76,000  cubic  feet  i>ev  second 
to  about  40,000  cubic  feet  per  second. 

Inasmuch  as  there  are  no  affluents  to  the  stream  l>elow  Carthage, 
there  is  no  special  reason  why  the  flood  flow  below  that  place  should 
have  any  higher  rate  than  at  ('arthage.  The  i*e ported  flow  at  Water- 
town  in  April,  1800,  of  Sl^OOG  cubic  feet  per  second  is  therefore  con- 
sidered as  fairly  justifying  the  Carthage  figure.  A  comparison  of  the 
two  shows  at  any  rate  that  the  error  is  not  likely  to  be  more  than  a 
few  per  cent.  As  shown  by  table  No.  124,  flood  flows  of  from  27,0(X) 
to  28,000  cubic  feet  were  measured  on  IJlack  River  in  1800  and  in  1898. 

(53)  CROTON    RIVER. 

The  watershed  of  Croton  River  consists  of  a  broken,  hilly  country 
with  iti>  surface  soil  composed  principally  of  sand  and  gravel.  Cla}', 
hardi)an,  and  peat,  while  found  in  a  few  localities,  are  for  the  whole 
area  only  present  to  a  limited  extent.  The  rock  formation  consists 
generally  of  gneiss,  although  strata  of  limestone,  some  micaceous  and 
talcose  slates,  with  veins  of  granite,  serpentine,  and  iron  ore,  occur  in 
a  few  places.  The  catchment  area  is  about  338  square  miles  above  the 
old  Croton  dam,  at  which  point  dail\'  run-off  measurments  have  l)een 
made  since  1807.  According  to  J.  J.  R.  Croes  there  is  a  well-attested 
case  of  a  maximum  flood  of  25,370  cubic  feet  per  second,  or  74.0  cubic 
feet  per  squai-e  mile  i)er  secomd.  In  reference  to  these  figures  it  may 
be  remarked  that  probably  they  have  been  obtained  by  the  use  of 
Francis's  formula.  The  profile  of  the  old  Croton  dam,  however,  shows 
a  rounded  crest  which,  according  to  Bazin's  coefficient.  Series  No.  193, 
would  give,  al>ove  5  feet  depth  on  the  crest,  a  discharge  from  37  to  38 
per  cent  higher  than  Francis's  formula.  The  maximum  flood  of  the 
Croton  may  therefore  be  from  30,000  to  35,000  cubic  feet  per  second, 
or  possibly  as  high  as  103  cubic  feet  per  square  mile  j)er  second. 

(54)  TO  (5C)    OENESEE   RIVER. 

Floods  have  occurred  on  this  stream  in  1815,  1835,  1857,  1805,  1878, 
1804,  and  1800,  the  heaviest  of  all  l)eing  the  flood  of  March  19,  1805, 
at  which  time,  according  to  the  best  available  information,  the  flow  at 
Rochester  must  have  been  in  the  vicinity  of  40,000  cubic  feet  per 
second,  or  at  the  rate  of  10.5  cubic  feet  per  sijuare  mile  per  second 
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The  general  destTiption  of  tlie  sulKlivisions  of  the  topograph}'  of 
Black  River  may  be  taken  as  applying  to  (Teneseo  River.  Within 
the  limits  of  the  city  of  Rochester  the  stream  falls  a]x)iit  200  feet, 
while  immediately  to  the  south  of  Rochester  begins  an  extended  area 
of  from  00  to  80  square  miles  of  flat  valley,  which  continues  to  Mount 
Morris  and  Dansville,  a  distance  of  over  50  miles.  Above  Mount 
Morris  the  stream  rises  rapidly  to  Poitage,  where  another  area  of 
broad  valley  l>egins,  though  much  less  extensive  than  that  between 
Rochester  and  Mount  ^forris.  The  following  gives  the  elevation  of 
Genesee  River  at  various  points  throughout  its  coui-se: 

Feet. 

Mean  surface  of  Lake  Ontario 247 

Crest  of  the  feeder  dam  in  s^nth  part  of  the  city  of  Kochester . .      510 

Low-water  surface  of  river  at  New  York,  Lake  Erie  and  Western  Railway 

hridge  near  Avon 538 

Crest  of  old  Mount  Morris  power  dam 005 

Water  surface  just  above  Upper  Falls  at  Portaj^e 1, 080 

Water  surface  at  New  York,  Lake  Erie  and  Western  Railway  bridge  near 

Belvidere 1,333 

Extreme  head  waters  in  Potter  County.  Pa 2, 000 

As  in  the  case  of  Mohawk  and  Black  rivei's,  the  teuiporary  pondage 
between  Rochester  and  Mount  Morris  and  Dansville  tends  to  reduce 
the  maximum  flood  at  Rodiester  far  below  wliat  it  would  1)0  without 
such  temporary  storage.  Thus,  on  May  lU,  181)4,  tlie  upper  river  gave 
at  Mount  Morris,  where  the  catchment  area  is  1,070  square  miles,  a 
maximum  floo<l  of  42,000  eubie  feet  per  second,  or  31). 2  cubic  feet  per 
square  mile  pe4*  second.  At  Rochester,  however,  the  flow  of  the  Ma}', 
1894,  flood  did  not  at  any  time  exceed  about  20,0iK)  cubic  feet  i^ev  sec- 
ond. The  author  has  discussed  (Tenesee  River  flooil  of  Ma}',  1804, 
extensively  in  a  report  on  the  (Tcnesee  storage  proje<»t  in  the  annual 
report  of  the  State  engineer  and  surveyor  for  18IHJ,  to  which  reference 
may  be  made  for  full  detail. 

On  June  1,  1880,  Genesee  River  at  Rochester  gave  a  flood  flow  of 
al)out  27,000  eubic  feet  per  second.  There  is  no  information  at  hand 
as  to  the  flow  of  the  upiHM-  river  on  that  date,  but  inasmuch  as  the 
rainfall  of  the  upper  catchment  area  is  known  to  have  been  exceed- 
ingly heavy  there  is  no  doubt  but  that  the  stream  above  Mount  Morris 
gave  a  heavy  flood  flow. 

(57)    CHEMUNG   KIVER. 

According  to  Francis  Collingwood,  this  stream  gave,  June  1, 1880,  a 
flow  of  i;J8,000  cubic  feet  i)er  second,  or  07.1  cu])ie  feet  per  square 
mile  per  second.  Full  particulars  may  be  obtained  in  Mr.  CoUing- 
wood's  Report  on  Floods  at  Palmira. 

Since  writing  the  paragrapli  about  flood  flows  on  Seneca  River 
(No.  1)  the  author  has  received  a<hlitional  information  in  regard  to 
Seneca  River  flood  of  Marcli,  18G5.  As  alr^'ady  stated,  the  floo<l  of 
March,  1805,  was  exceedingly  serious  throughout  the  whole  of  western 


810  DEEP    WATERWAYS. 

and  central  New  York.  It  probably  represents  the  most  widely  dis- 
tributed flood  of  the  last  forty  or  fifty  years  in  this  region.  Positive 
statements  are  made  to  the  effect  that  about  the  middle  of  March, 
1865,  the  water  on  the  Haldwinsville  dam  stood  for  two  or  three  days 
at  or  about  the  depth  of  4.75  feet,  giving  a  flow  over  the  dam,  accord- 
ing to  the  method  of  computation  adopted,  of  12,000  cubic  feet  per 
second.  As  to  whether  the  wheel  service  in  1865  was  the  same  as  at 
present  we  have  no  means  of  positively  determining,  but  evidently  it 
was  not  very  different,  as  the  large  flouring  mills  at  BaUlwinsville  and 
other  manufacturing  establishments  now  there  were  mostly  in  oper- 
ation previous  to  1865.  Assuming,  therefore,  that  the  wheel  service 
was  the  same  and  that  the  wheels  were  running,  the  maximum  flood 
may  possibly  have  been  about  11),950  cubic  feet  per  second,  or  6.4 
cubic  feet  i)er  square  mile  per  second.  In  any  case  it  is  very  certain 
that  only  rarely  is  anything  like  this  figure  reached.^ 

On  reviewing  the  data  herein  embodied  it  appears  evident  that  the 
question  is  likely  to  be  raised  as  to  whether  the  several  dams  over 
which  the  flood  flows  are  given  are  submerged  at  the  time  of  extreme 
flow,  thus  changing  the  conditions  from  that  of  flow  with  free  overfall 
to  that  of  a  submerged  weir.  As  regaixis  the  gauging  stations,  serial 
Nos.  1  to  20,  it  may  be  pointed  out  that  the  following  three  dams  are 
likely  to  be  submerged  with  extreme  flood  flows,  viz:  Schoharie  Creek 
at  Fort  Hunter,  height  of  dam  6  feet;  West  Cana<la  Creek  at  Middle- 
ville,  height  5  feet;  and  Oriskany  Creek  at  Oriskany,  height  4  feet. 
As  to  the  effect  of  submergence  in  increasing  or  decreasing  the  dis- 
charge, Table  No.  125  is  submitted,  i!i  which  is  shown  the  percentage 
of  the  flow  over  a  sharp-crested  weir  with  free  overfall  that  will  flow 
over  a  weir  5.5  fiK^t  i  i  height  under  different  depths  of  submergence. 
This  table  has  been  computed  from  Bazin's  experiments  for  various 
heads  within  the  limits  to  which  his  coefficients  may  be  applied,  as 
stated  in  the  Annales  des  Fonts  et  Chaussees,  1804,  pages  298  to  310. 


'  We  may  observe  further  that  since  the  old  dam  was  standing  in  1865,  probably 
the  flow  was  greater  for  a  given  depth  than  at  present.  The  flood  flow  may  there- 
fore have  reached  22,000  to  2(3.000  cubic  feet  per  second.  Even  at  26,000  cubic  feet 
per  second  the  flow  is  only  about  8.5  cubic  feet  per  square  mile  per  second. 


DEKF   WATERWAYS. 
Table  No.  12'). 


811 


t 

;-i* 

Differeuce  in  elevation  of  the  water  Hurfat»8 

on  the  upstream  and  down- 

stream  Rides  of  the  r;re8t 

-H-H'. 

«-l 

0 

5 

flj*^ 

5  feet. 

4  feet. 

8  feet. 

2  ft 

et. 

1  f<K)t. 

la 

1 

i.  It 

ltd      i'i: 

ft    ill 
1      1*^ 

i'  1 

5^  ill 

1     ,1'^ 

^4 

-;  Hi 

SI 

(1) 

<2» 

(.'))          C4. 

<5)         (i;. 

i7) 

(H) 

(!♦) 

(10) 

(ir.  1  (12) 

1.5 
2.5 

;i.o 
;J5 

1     «.  1 
1*.4 

ia.2 
ii.jj 

; 

1 

\ 

0.5    i     WiA 

1.0  ;  S7.0 

1.5         82. « 
2.0    1    80. 0 
2.5    1     77.0 

;;;;.;; 

i 

0.5 
1.0 
1.5 

"wo" 

\m.  0 

{K{.  (i 

i 

1    21. !» 

'"'6.5" 

■  iVe" 

4.0 

!     2»i.ti 

1.0 

i       ](N) 

2.0 

lU.O 

3.0    i    74.0 

4.5 

«1.H 

"iiry  \"m 

1.5 

1         ttH 

2  5 

88.0 

:i.5         72.4 

5.0 

:J7. 2 

].i\   \     nu 

2.0 

mi 

;{.o 

8tl.4 

4.0        7«>.0 

5. 5 

4:).  0 

Vi  5"  i  "'nU' 

1.5    I      10l» 

2. 5 

!fe"> 

;i  5 

85.  0 

4. 5         0».  0 

CO 

4!*.  0 

1.0         UCJ 

2.0         w 

:{.o 

«? 

4.0 

84.0 

5.0         |»8.0 

«  5 

5.V2 

1.5    ,      UK 

2. 5          JW 

:i5 

'        !I2 

4.5 

8:^.0 

5.5        r,7.o 

7.0 

,     Til.  7 

2.0    1       101 

:io    i       07 

4.0 

!»1 

5.  0 

82  0 

•l.O    1    W.4 

7.5 

('•8. 4 

2.5    1      101 

:V5    1      w 

4.5 

iM) 

5. 5 

so.  0 

i\  5    1    M.li 

y.o 

75.4 

:j.o    ! 

4  (»            lt5 

5. 0 

■     .   ^ 

(S.O 

H».  0 

7.0      

8.5 

H,'.5 

n.5    

4.5            9J 

5. 5 



«l  5 

7.5      

u.o 

W».9 

4.0       

5.0    1   

(l.O 

7.0 

8.0 

_ 





.     :.. 

Ill  Table  No.  11*5,  column  (1)  gives  the  head  on  upstream  side  of 
crest  in  feel,  and  column  {'2)  tlie  How  over  a  sharp-crested  weir  1  foot 
in  length,  in  (jubic  feet  per  second.  Bazin's  experiments  on  flow  over 
sharp-crested  weir  show  substantial  accord  with  tliosel»y  ^Ir.  Francis. 
Reference  t<»  a  translaticmof  Bazin's  (experiments  on  flows  over  sharp- 
crested  weirs  may  be  made  to  Proceedings  of  the  Phigineers'  Club  of 
Philadelphia  for  January,  ISIK),  July,  1802,  OctobcM',  1SIIl>,  and  April, 
1803.  Column  (3)  of  the  foregoing  table  shows  depths  of  subm<M-gence 
when  the  diflFerence  in  elevation  of  the  wat<»r  surfaces  on  the  upstream 
and  downstream  sidesof  the  crest  are  5  feet,  column  (4)  being  the  per 
cent  of  flow  under  tin*  conditions  of  column  (.'>)  over  a  standard  sharp- 
crested  weir.  Columns  (5)  to  (li*),  inclusiv(%  show  the  same  data  for 
difference  in  elevation  of  the  two  water  surfaces  of  4  feet,  o  feet,  2 
feet,  and  1  foot. 

Table  No.  125,  it  will  be  not  iced,  com])ares  the  flow  on  a  submerged 
weir  with  free  overfall  on  a  sharp-crest e<l  weir.  In  order  toc(4*tainly 
decide  that  with  sloping  dams  and  dams  with  adhering  nappes  on  the 
front  face,  et(».,  the  flow  will  not  be  gn^atly  decreased,  rc^ference  may 
be  made  to  the  table  on  i>age  S(m*>,  where  the  mean  of  Cornell  Uni- 
versity experiments  Nos.  1  and  2  are  compared  with  flows  as  per 
Francis's  formula.  It  appears  safe  to  assume  from  such  comparison 
that  within  the  limits  of  submergence  actually  occun-ingon  thedams 
here  considered,  the  submerged  flows  ai*e  as  great  as  on  those  with  free 
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overfall.  Hence  we  liave  no  reason  for  supposing,  after  the  water 
reaches  the  critical  height  where  submergence  begins,  that  within  the 
limits  of  a  foot  or  two  there  is  any  material  decrease  in  discharge,  and 
consequently  any  large  reduction  to  he  made  in  the  figures  of  Table 
No.  124. 

Further  as  to  effect  of  submergence  of  drowned  weirs,  see  statement4S 
translated  from  Bazin  on  pages  GG7  and  ()(>8. 

By  way  of  further  illustrating  the  relation  of  submerged  flow  to  free 
overfall  flow,  we  also  include  Table  No.  1 2G,  computed  by  Mr.  Herschel's 
formula  for  1  foot  of  length  of  crest,  the  formula  being 


Q  =  :j.33L(N  H) 


i 


Mr.  Ilei-schel's  formula  was  derived  by  a  discussion  of  the  experi- 
ments of  Mr.  Francis,  also  those  of  Messrs.  Fteley  and  Stearns.  In 
this  formula  N  is  a  constant,  the  value  of  which   depends   on  the 

ratio      of  the  heads  on  the  upstream  and  downstream  sides  of  the 
crest,     ir  e([uals  the  dt»pth  of  submergence  in  feet. 


II 

Table  No. 

DiflForence  in  elevation  of  the  w 

126. 

^ 

titer  Hui 

*fiiceson 

the  npatream  and  down- 

«trea 
n  feet. 

m  Bides  of  the  crest  =  H 

-H'. 

1 

4  feci 

S'                 ; 

ii 

7} 

?H 

-1| 

Si| 

^H 

§1 

1  i 

H'. 

-lit. 

H'. 

ii! 

H^ 

iiS 

t^ 

?L2 

|gi  i«^l 

|s^ 

1^1 

|ga 

mi 

n 

Q 

0      a 

•  1) 

4.0 
4.5 

5.(1 

31.8 
37.2 

.:i^ 

(4) 

(5) 

m 

Cl 

(«J 

m 

flO) 

(lu 

o.n 

0.6 

39  4 

laoio 
tii».e 

97,8 

.............." 

\[.l"l 

0.0 

"x.k" 

"iVuV" 

5. 5 
6.0 

4:^.0 
4».0 

1-0 

43.  s 
IW  4 

1(117 
IIW  8 

J. 5 
2.0 

45.3 

94.0 

fle.3 

"Vvd" 

■"4»"tV 

"  ioo.Y)" 

B.5 

55.2 

a  5 

fw.r 

100. 9 

1* 

m/\ 

K(1,S 

a.  6 

4«.8 

»1.S 

7.0 

(U.7 

].(j 

m.i 

99.5 

2.0 

r»H.* 

mil 

3JJ 

54.3 

88.0 

7.5 

dH.4 

1.5 

m.i* 

97.8 

a.s 

tfcfS 

0i.4 

3.5 

50.9 

M,l 

8.(1 

75.4 

2  0    i    72  3 

95. 9 

:*.o 

ilM,;i 

UHH 

4.  (J 

tjfi.ti 

S4.3 

8.5 

825 

5;  5         77!  6 

94.0 

3.5 

73,4 

rt8.W 

4.5 

rta,l 

He.A 

fl.O 

8J».9 

3.0    i    83.1 

92.4 

4.0 

TM5 

87  3 

5.U 

ra.8 

80JI 

9.5 

97. 5 

3.5 

88.7 

91.0 

4.S 

83  (S 

85.7 

R.fi 

77.3 

793 

10.0 

l(r>.3 

4.0 

94.8 

W).  0 

.vo 

mi 

Ki  :^ 

{^  (} 

»l.» 

77.  B 

Land  and  Water  Surface  Evaporation  in  Oswego  River 

Basin. 

As  an  interesting  conclusion  it  may  be  pointed  out  that  owing  to 
the  large  area  of  water  surface,  marsh,  an<l  fiat  valleys  in  Oswego 
River  basin  the  evaporation  loss  from  this  catchment  area  must  be 
relatively  large.  It  will  therefore  result  in  an  extremely  dry  year 
that,  even  though  this  stream  has  large  pondage  area,  its  minimum 
flow  will  not  be  larger  than  that  of  other  New  York  State  streams 
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with  much  loss  pouda^e.  Kstiiimtes  of  water  yield  from  this  stream 
in  the  minimum  year  must  therefore  l>e  very  conservative.  By  way 
of  illustrating  the  large  evaporation  loss  from  Oswego  Basin  we  may 
consider  the  following  talndation: 

Propor- 
'  '  tionato 

■    v4 ,.,«,.«       I****'  ^^'^^     Mean  an-     ovapora- 
Kindofaroa.  .     '7t!Ji!:„  .»f  total     Imialevap-     tioii  on 

I     n^"*»-  an'a.       '   oration.    ,     wholo 

ar»'a. 

I         (1.  (•*)  i',\)  .4) 

IhcJux.  Inches. 

Watersnrfat-e ;«W  ;J  «.  IM  ■  :W.O  2.10 

Marsh 2a).7  4.41  »JH.i»  S.Jfi 

Upland 4,472.n  i  hl».41  2«.2  23.42 


Total r».C!02.t)  UMMlUj.... 2S.17 

In  this  tabulation  column  (.J)  gives  the  mean  annual  evaporation 
for  different  kinds  of  evaporating  surface.  The  annual  evaporation 
from  water  surface  is  taken  at  .'U  inches,  as  derived  from  the  Roches- 
ter evaporation  data,  while  the  annual  evaporation  from  a  marsh  ai*ea 
is  taken  at  GO  inches.  This  latter  figure  is  arrived  at  by  (considering 
that  inasmuch  as  mai*sh  areas  are  saturated  with  water  they  i)resent 
evaporation  conditions  quite  similar  to  water  surfaces  in  the  particu- 
lar that  the  supply  of  water  is  constant  aii<l  (evaporation  goes  on 
continuously;  they  are  also  covered  with  a  vigorous  giowth  of  water- 
transpiring  vegetation.  Marsh  grass,  flags,  and  other  semiaquatic 
plants,  which  grow  vigorously  in  such  places,  are  all  large  c(msumerH 
of  water. 

In  the  discussion  of  a  paper  on  the  introduction  of  irrigation  in 
new  countries,  as  illustrated  in  northern  Colorada,^  Baldwin  Latham, 
M.  Inst.  C.  E.,  stated  that,  Iwginning  in  June,  \X10^  he  discharged 
sewage  uiM)!!  a  definite  area  xilanted  with  rye  grass  at  the  Beddington- 
Croyden  sewage  farm,  the  grass  being  so  pla(?ed  in  a  water-tight  tank, 
provided  with  suitable  underdrains  and  means  of  colh^cting  water 
flowing  off,  that  definite  results  could  be  obtain(Ml.  From  June  18, 
1870,  to  June  12,  1871,  a  p(?rio(l  of  'MM)  days,  during  which  time  20. Ci 
inches  of  rain  fell,  tin*  watiM-  evaporated  from  a  s([uare  yard  of  surface 
amounted  to  8,712  pounds,  or  to  a  depth  of  180. :{  inches,  in  a  year. 
Experiments  on  another  plat  during  the  year  1871-72  gav(»  for  a  period 
of  370  days,  with  a  rainfall  of  24.1)8  inches,  a  total  application  of  water 
of  4,203  p(mnds  per  s<iuare  yard,  amounting  to  a  depth  of  1)1.2  inches 
over  th(^  an^a.  It  is  in  vi(*w  of  these  results  that  it  appears  rejisonable 
to  a.ssume  the  evaporation  from  a  mai*sh  ar(»a  in  (^Mitral  New  York  at 
not  less  than  r»o  inches  iM»r  y(»ar. 

The  figure  of  20.2  inches  per  year  for  evaporation  fnmi  upland  areas 
has  been  derived  from  (4enesee  River  data,  Oswego  Kiver  basin  being 
same  as  (ienese(»,  substantiallv  defor(*sted.     The  mean  annual  rain- 


•  IS«e  Proc.  Inst.  C.  E.,  Vol.  LXXIII  (188;^),  p.  185. 
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fall  of  UppiM'  Genesee  River  catchment  area,  as  determined  for  a 
period  of  nine  years,  is  40.33  inches,  and  the  mean  evaporation  26.18 
inches.     The  mean  rainfalls  of  Oswego  River  basin  are  as  follows: 


Name  of  place. 


Anbnm 

Baldwinsville 
Canandaiirua  . 

Cazenovia 

Demster 

Fleming 

OeneTa  

Ithaca 

Ledyard  

Lyons 

North  Volney 
Oneida 


IiicheH. 

28 

a5.44 

8 

99.54 

10 

;«.07 

19 

38.7tt 

6 

ao.13 

9 

32.  a5 

25 

30.86 

25 

3:3.97 

i 

33.21 

10 

34.40 

13 

38.15 

10 

64.83 

Name  of  place. 

Onondaga 

0«wego 

'  Palermo 

Perry  City 

Pbcenix 

'  Pompey 

Rome 

Romulus 

Skaneateles , 

I  Wedgwood 

Mean  annual  rainfall 


Inche». 
31.55 
36.65 
36.96 
40.09 
38.38 
32.37 
47.50 
85.24 
38.38 
38.70 

36.70 


The  approximately  true  mean  annual  rainfall  of  the  entire  basin 
of  3('».70  inches  has  been  obtaineil  by  ^ving  the  individual  records 
weight  in  proportion  to  their  length;  that  is  to  say,  the  mean  annual 
rainfall  at  each  station  has  \>een  multiplied  by  the  length  of  the 
record  in  yeai*s,  and  the  sum  of  the  products  so  obtained  divided  by 
the  total  number  of  years'  observations.  This  figure  must,  however, 
be  considered  an  approximation  merely,  l)ecause  what  is  really 
wanted  are  the  subdivisions  of  the  entire  drainage  area,  with  their 
proportionate  rainfalls. 

With  a  mean  annual  rainfall  of  30.70  inches  and  a  mean  annual 
evaporation  of  28.  J  7  inches,  we  find  the  mean  annual  run-off  to  be 
7.53  inches.  However,  with  lower  rainfall  than  on  Genesee  River, 
the  evaporation  will  be  lower  and  we  may  expect  a  mean  annual  run-off 
of  perhaps  10  inches.  Tt  is  the  author's  present  opinion  that  in  an 
extremely  dry  jear  the  run-off  of  Oswego  River  will  not  exceed  about 
C  inches,  the  maximum  run-off  l>eing  probably  about  15  to  18  inches. 

PROBABILITIES   OF    FLOODS    IN   ANY    GIVEN    MONTH    IN   CENTRAL  NEW 

YORK. 

The  usual  flood  months  in  western  New  York  are  March,  April, 
May,  and  occasionally  September  and  October.  Occasional  heavy 
floods  occur  as  late  as  June  1  to  10,  due  to  heavy  rainfall  in  the  latter 
part  of  May.  The  following  statements  and  tables  relating  to  rain- 
fall in  western  New  York  show  the  tendency  to  floods  late  in  the 
spring: 

At  Rochester  total  monthly  rainfalls  of  about  V»  inches  have  occurred 
in  May  iiin<»  tinuvs  in  the  period  from  1834  to  1S98,  inclusive. 

At  Oswego  total  monthly  rainfalls  of  from  5.*.»5  inches  to  7.03  inches 
have  occurred  in  May  three  times  in  the  period  from  1844  to  1898, 
inclusive. 

At  Palermo  total  monthly  rainfalls  of  about  0  Inches  have  occurred 
in  May  four  times  in  the  period  from  1854  to  1898,  inclusive. 
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At  Ithaca  total  montlily  rainfalls  of  about  0  inclies  have  oceuri*ed 
in  May  six  times  in  the  period  from  1828  to  1808,  inclusive. 

At  Lowville  total  montlily  rainfalls  of  about  6  inches  have  occurred 
in  May  twi<^e  in  the  period  from  1827  to  1808,  inclusive. 

At  Utica  total  monthly  rainfalls  of  about  0  inches  have  occurred 
in  May  four  times  in  the  i)eriod  from  1S20  to  1803,  inclusive.  In  1889 
it  was  8.00  inches  for  the  month  of  May;  in  1802,  7  inches,  and  in 
180:3,  7.84  inches. 

At  Geneva  total  uKmthly  rainfalls  of  over  six  inches  have  occurrcKl 
in  Ma}'  twice  in  the  period  from  1851  to  1803,  inclusive. 

At  C'Ooperstown  total  monthly  rainfalls  of  over  0  inches  have 
occurred  in  May  four  times  in  the  period  from  1854  to  1808,  inclusive. 

At  Albany  total  monthly  rainfalls  of  over  7  inches  have  occurred 
in  May  seven  times  in  the  period  from  182(>  to  1808,  inclusive. 

By  way  of  further  illustrating  the  possibility  of  serious  floods  in 
the  State  of  New  York,  the  foHowing  tabulation  of  the  heaviest  pre- 
cipitations at  several  points  in  the  State  for  the  different  months  has 
l>een  prepared : 


lear  in  wnicu 

hearieHt  mouth- 

ly  rainfall  o<v 

curred. 

:    Name  of  place. 

1 

Amount 

of  heaviest 

rainfall. 

Jantuiry. 

187K 

1»84 

1«»7 

1«« 

1 

.;  Rochester 

.    Oswesro 

I  Palermo 

.1  Ithaca 

IncheK. 
8.  Ifi 
0.41) 
6.78 
3.78 

1855. . . 

.'  Lowville 

4..**1 

isaj 

.    Utica  

8. 06 

1863 

Geneva  . .  . 

6.7H 

IWl 

1891 

1  Cooperatown 

1  Albany  

4.31 
6  12 

February. 

18JI6 

1H96 

1  Rochester 

Oswego 

4.90 

1886 

Palermo 

7.ao 

1887 

Itha<*a  

4.21 

1831 

Lowville 

5. 71 

1840 

Utica 

6.20 

185« 

.    Geneva  

3.2»; 

1887 

IHK) 

..  C'ooi)er«town  — 
.    Alliany 

5.21  . 
4.it:{ 

March.' 

1R73 

1881 

;  Rochester 

.    Oswego 

5. 08 

isrs 

Palermo 

6. 10 

1896 

Ithaca 

4. 75 

1871   

Lowville 

5.11 

1888 

18«8J 

;  Utica 

'  Geneva    

7.50 
5.2:1 

1887 

1876  

Cooperstown  ... 
Albany  

t.:J2 

4.28 

April. 

1874 ... 

18S6 

1  Rochester 

.    Oswego 

4.99 
3.66 

1863 

.'  Palermo 

6.20 

1894 

ltha<ra 

4.84 

1857      .... 

'  Lowville 

5. 74 

1M2 

Utic^ 

6.6!) 

1854     

1  Geneva  . 

5.20 

1854 

1874 

1  Cooperstown  — 
1  Albany 

7. 12 
4.97 

Year  in  which 
heaviest  month- 
ly rainfall  oc- 
curred. 


Name  of  place. 


May. 

1894 Rochester 

188:^ Oswego 

1867 Palermo 

1894 Ithaca 

1893 Lowville 

1890 Utica 

1867 CJeneva 

1H90 Cooperstown. 

1890 Albany 


June. 

1892 Rochester.-.. 

1889 Oswego 

18(i5  Palermo 

1883 Ithaca 

IKK Lowville 

1889 Utica 

1857 (4<.>neva 

1855 Coojjerstown  . 

1889 Albany 


Amount 
of  heaviest 

rainfall. 


Inch  f  8. 
6.87 
7.(0 
6.90 
7.34 
6.78 
8.69 
6.69 
8.84 
5. 19 


6.68 
9.81 
8.80 
7.54 
6.75 
9.19 
8.14 
9.76 
6.43 


jtuy.  ; 

1897 Rochester I 

1874 Oswego ' 

1874 :  Palermo ! 

1889 Ithaca i 

1848 Lowville 

1>«7 Utica ' 

1889 1  Geneva ! 

lS6:t !  Cooperstown i 

1874 i  Albany ' 

A  ugiist.  I 

188tl Rochester \ 

1893  Oswego 

1892 !  Palermo 

1885 Ithaca 

1892  Lowville 

1832 Utica 

1864 1  Geneva 

1885  Cooperstown 

1885 1  Albany 


6.37 
7.62 
6.  CO 
6.7:1 
8.29 
7.60 
5.31 
7.93 
6.18 


7.28 
6.47 
7.46 
8.14 
8.76 
11  44 
7.14 
9.08 
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Year  in  which 
heaviest  month- 
ly rainfall  oc- 
curred. 

Name  of  placn^. 

Rochester 

Oswego 

Amoant 

of  heaviest 

ramfall. 

Inches. 
5.60 
6.3;^ 
7.55 
6.62 
5.36 
8.S7 
6.11 
7.24 
8.91 

8.67 
7.55 
7.90 

5.87 
5. 80 

7.a5 

6.30 
6.65 
7.86 

Year  in  which 
heaviest  month- 
ly rainfall  oc- 
curred. 

Name  of  place. 

Amoant 

of  heaviest 

raintall. 

September. 
1876 

yovember. 
1877 

Rochester 

Oswego 

Inches 
5.4i 

18P0 

,  1897 

6. 56 

1890           

Palermo 

'  \m : 

Palermo -.. 

8.17 

1890 

Ithaca 

1886 

Itbaca 

6.03 

1847     ■ 

LowviUe - 

Utica  

1897 

Lowville 

5.81 

1800 

1886 

Utica 

7.H» 

1890 

Geneva  

:  1857 

Qeneva 

4.(18 

180() 

Ckxiperstown 

Albany  

1  1858 

Cooperstown 

Albany  

5.38 

1880 

1886 

5.4') 

October. 
1873 

Rochester 

Oswego 

December. 
1H8H         

Rochester 

Oswego 

6.17 

1878 

1  1878  

10.49 

180:2 

Palermo 

'  1878  

Palermo 

7.95 

1898 

Ithaca 

Lowville 

1881 

18ft3 

Ithaca 

4.75 

1850 

Lowville 

5.81 

1885 

Utica 

1881 

Utica 

Geneva ..  . 

8.<M 

1857 

Geneva  . 

,  1850 

6.46 

1867 

Cooperstown  — 
Albany  

'  1881 

Cooperstown.... 
Albany 

6.(& 

1877 

'  1878 

6.16 

CONTROL   OF   FLOODS   IN    MOHAWK   VALLEY. 

In  the  chapter  on  Flcxxl  Flows  of  Streams  in  the  State  of  New  York, 
Table  No.  li^4  g\ye>H  the  maximum  and  ordinary  flood  flows  of  various 
streams  of  New  York  State,  including  Mohawk  River.  The  range  of 
Mohawk  flo(xls  is  there  so  <*learly  shown  as  to  render  further  discus- 
sion unnecessary  here. 

The  control  of  floods  in  Mohawk  Valley  may  be  considered  from 
two  points  of  view,  either  to  construct  flood  reservoirs  on  the  tribu- 
tary streams,  or  to  make  the  canalized  river  of  such  dimensions  as  to 
certainly  carry  the  extreme  floods,  what<?ver  they  may  be,  providing 
at  each  dam  or  lock  sufficient  length  of  spillway  to  pass  the  extreme 
floml  flows  without  too  great  fluctuation. 

In  regard  to  control  by  flood  reservoii's,  a  study  of  existing  maps 
and  reconnoissance  showed  that  this  method  was,  on  the  whole, 
impracticable.  Several  of  the  streams  tributary  to  Mohawk  River 
have  large  catchment  areas,  as,  for  instance,  Schoharie  Creek,  947 
square  miles;  East  Canada  CiHiek,  280. (J  s<[uare  miles,  and  AVest  Can- 
ada Creek,  568.7  square  miles.  With  the  exception  ef  Schoharie 
Creek  there  are  no  locations  on  any  of  these  streams  for  large  reser- 
voirs, and  even  on  Schoharie  Creek  the  location  is  such  as  to  make 
the  project  very  expensive.  The  available  location  on  Schoharie 
Creek  is  just  above  the  village  of  Espe ranee,  not  far  from  the  bound- 
ary line  between  Schenectady  and  Schoharie  counties,  where  the 
valley  narrows,  and  it  is  probable  that  an  effective  barrage  from  150 
to  IGO  feet  in  height  could  be  made,  creating  a  reservoir  from  10  to  17 
miles  in  length  and  averaging  1  mile  in  width  at  the  water  surface. 
Such  a  reservoir,  however,  would  flood  the  villages  of  Central  Bridge, 
Schoharie,  Middleburg,  Fultonhara,  and  Breakateen,  besides  several 
small  ones.  Middleburg  and  Schoharie  are  large  towns,  the  former 
being  the  county  seat  of  Schoharie  County.     The  Schoharie  Valley 
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Railroad  now  passes  throiigli  tho  <*eiitral  part  of  tlie  valley  and  would 
require  removal.  Takinjx  into  ae(M)unt  the  larjjje  ex^H^nse  of  tlu*  neces- 
sary i-ead  just  men  ts  of  towns  and  the  lailway,  it  has  not  seemed  worth 
wliile  to  study  this  project  in  detail,  th<^  more  especially  since  the 
control  to  be  obtaiiied  would  l)e  only  moderate.  A  general  idea  of 
the  possibilities  of  Schohari<»  Creek  storaiy:e  may  be  obtain(»d  by  refer- 
ence to  the  S<*hoharie  <iuadrani(l<»  map,  as  jx^r  th<^  United  States  Geo- 
lojrical  Survey,  recently  issued. 

On  West  Canada  Creek  the  valleys  are  mostly  iiarrow  and  only  a 
mcKlerate  storage  could  1x3  obtained!  with  higli  <lams.  There  is  a  i)os- 
sibh?  site  just  above  Prospect,  wliere  rock  ai)pears  in  tin*  bed  of  the 
stream.  Th<»  narrowness  of  tin*  vall<\v,  however,  and  the  conseiiuent 
small  storage  to  b<^  gain<Ml  have  scenu^d  to  render  it  und<*sirable  to 
make  extende<l  studies  at  this  pla<*e.  Tlic  other  locations  in  West 
Canada  Cn^ek  Valley  arcs  relativeh'  snuill  and  unimpoilant,  although 
a  moderate  amount  of  st^irage  <*ould  be  made  by  raising  the  water 
surfaces  of  some  of  the  numerous  lakes  and  ponds.  As  a  perfectly 
general  estimate,  not  based  on  detailed  data,  it  is  <*onsid<'red  that  a 
dam  about  100  feet  in  height  a  short  distance  above  Prospect  would 
store,  perhaps,  about  2, 000, 000, 000  cubic*  feet. 

On  Kast  Canada  (^reek  the  valleys  ar<^  all  narrow,  not  atfording  any 
opportunity  for  storage  on  a  large  s<*ale,  and  any  storage  to  l)e  made 
in  this  catchment  area  must  necessarily  be  on  tlu^  numerous  small 
lakes  and  ponds  of  the  r<*gion,  which,  however,  could  (udy  <'ontrol  a 
relatively  snmll  i)art  of  the  run-off. 

The  for<»going  i)resents  in  snmll  space  the  main  reasons  why  it  has 
not  seemed  <l(»sirabl<»  to  investigate*  a  syst(*m  of  flood  reservoii^s  on  the 
tributaries  of  Mohawk  Riv^er.  The  conditions  on  ITpper  Mohawk 
cat<rhment  area  are  such  that  the  an^a  controlled  ]}y  any  practicable 
system  of  reservoirs  would  Iw,  in  comparison  with  the  whoh%  rela- 
tively small,  and,  without  going  into  the  details,  it  has  seemed  to  the 
author  probable  that  the  effect  would  not  justify  the  expense.  From 
this  point  it  api)ears  preferable  to  construct  a  canalized  river  of  sucli 
dimensions  and  with  sufficiently  liberal  spillways  to  take  care  of  max- 
imum floods,  what4»ver  they  may  be. 

(xeneral  studies  were  also  nuide  as  to  i)ossibility  of  diverting  a  por- 
tion of  the  flood  flow  (»f  Mohawk  River  abovt^  Little  Falls  from  the 
canalized  channel  through  independent  channc^ls  to  one  side,  one 
such  flo<Hl  channel  delivering  at  Little  Falls  and  the  other  through 
the  valley  of  Wood  Cn*ek  w(*st  of  the  west  en<l  of  the  proposed  sum- 
mit level,  the  object  of  this  latter  channel  in  Wood  Creek  Valley 
l>eing  chiefly  to  divert  from  the  shij)  <'anal  floo<l  flows  of  Upper 
Mohawk  above  Rcmie.  Study  showed,  however,  that,  owing  largely 
to  the  flatness  of  the  valleys,  the  difficulties  of  handling  flood  flows 
in  independent  channels  would  l>e  great<n*  than  if  handled  in  the 
canalized  channel. 

H.  Doc.  149 52 
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ESTIMATE    OK  SUMMIT   LEVEL   WATER   SUPPLY. 

Tho  proposed  summit  level  of  the  Oswego-Mohawk  route,  with 
wat^r-surfiice  elevation  of  415  feet  above  tide,  extends  from  station 
3030  of  the  main  deep-wat^^rways  survey  to  station  3758,  a  distance  of 
71,1MH)  feet  (13.02  miles).  The  water  surface  for  a  30-foot  channel  in 
earth  is  334  feet  wide,  and  for  a  21-foot  channel,  310  feet.  The  area 
of  cross  section  of  30-foot  channel  is  8,000  sijuare  feet  and  for  21-foot 
channel,  5,5(X)  square  feet. 

The  tributary  streams  may  Ik^  relied  upon  to  keep  the  main  channel 
full  during  the  winter  season,  even  under  the  most  adverse  condi- 
tions of  winter  drought.  Filling  in  the  spring  may  be,  therefore,  left 
out  of  the  a<*count,  and  the  problem  is  accordingly  simplified  to  a 
determination  of  the  quantity  required  to  supply  lockages,  evapora- 
tion, percolation,  gate-and-sluice-leakage  losses,  and  wastage.  The 
locks  at  the  ends  of  the  summit  level  are  to  l^e  740  feet  in  length  by 
80  feet  wide,  with  lifts  of  20  feet.  Also,  at  Little  Falls,  129,460  feet 
(24.52  miles)  east  of  the  <^ast  end  of  the  summit  level,  there  are  to  be 
duplicate  sets  of  tandem  locks,  with  total  lift  of  43  feet,  the  lock 
chambers  being  740  feet  long  by  00  feet  in  width. 

The  West  Cana<la  Cn»ek,  which  has  a  catchment  area  above  its 
mouth  of  501)  square  miles,  flows  into  Mohawk  River  at  Herkimer. 
The  s«nenil  small  streams  known  as  Crane  Creek,  Reels  Creek, 
Knapp  Brook,  lUidlong  Crei>k,  Sterling  Creek,  Bridenbacker  (^reek, 
and  adjacent  t4»rritory  lying  on  the  north  side  of  Mohawk  River  and 
between  Herkimer  and  the  <*ast  boundar>^  of  Nine-Mile  Creek  area, 
have  a  <»atchment  area  of  80  scjuare  miles.  To  the  east  of  Herkimer, 
on  the  north  side  of  Mohawk  River,  Heaver  Brook  and  adjacent  ter- 
ritory have  15  square  mih^s,  while  on  the  south  side,  between  Utica 
and  Little  Falls,  Ballon  CnM^k,  Factory  Creek,  Ferguson  Creek,  Meyer 
Creek,  Steele  (-reek,  Fulmer  Creek,  and  adjacent  territory  have  a 
catchment  an»a  of  13'.)  s(iuar(»  miles.  The  total  catchment  area  trib- 
utary to* the  main  deep  waterway  between  Little  Falls  and  east  end 
of  the  summit  level  is  therefore  (5«)9-|-80-|-15-f  139)  809  square 
miles.  This  area  may  be  expecfted  to  yield  from  150  to  2(K)  cubic  feet 
of  water  per  setMuid  in  a  dry  time,  which  will,  it  is  believed,  l)e  ample 
for  the  various  losses  and  small  additional  lockage  requirement  on 
the  reach  of  canal  between  the  east  end  of  the  summit  level  and  the 
double  locks  at  Little  Falls. 

According  to  data  furnished  by  your  Board,  the  annual  traffic  is 
assumed  at  25,(X)U,00O  tons,  with  an  assumed  tonnage  per  lockage  for 
30-foot  chann(»l  of  3,0(X)  tons  and  for  21 -foot  channel  a  tonnage  per 
lockage  of  2,5(X)  tons.  I^et  us  first  estimate  the  water  consumption 
for  the  30-foot  channel. 

The  question  of  water  supply  of  canals  has  l)een  so  fully  discussed 
elsewhere  as  to  make  it  impossible  to  add  Yury  much  thereto  at  this 
time.     So  far  as  the  United  States  is  cH)ncerned,  experience  on  Erie 
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Canal  in  the  Siat^  of  New  York  Ih  the  most  extensive  of  any.  Inas- 
much as  the  author  has  ^iven  fairly  full  citations  of  Erie  Canal  data 
in  the  n^port  on  the  water  supply  of  the  western  division  of  the  Erie 
Canal,  to  be  found  in  the  Annual  Report  of  the  State  Engineer  and 
Surveyor  of  New  York  for  181H),  as  well  as  in  Water-Supply  and  Irri- 
gation Paper,  No.  25,  of  the  Ignited  Slates  Geological  Survey: — Water 
Resources  of  the  State  of  New  York — it  has  l)een  deemed  unnecessary 
to  esi)ecially  elaborate  the  question  here.  In<leed,  the  present  c^ase  is 
so  far  beyond  precedent  as  to  compel  dis<Mission  on  somewhat  differ- 
ent lines  than  any  hitherto  followed.' 

Omitting,  then,  the  usual  preliminary  general  discussion,  we  have, 
with  the  foregoing  data  of  annual  traffic  and  tonnage  per  lockage,  a 
total  lockage  per  year  of  8,333;  add  the  usual  50  per  cent  for  two  ends 
of  summit  level,  4,107,  wlience  the  total  number  of  lockfuls  of  water 
becomes  12,500. 

Assuming  222  days  of  navigation,  we  have  the  following:  Volume 
of  one  lockful= 

(740xS()x2())  -l,lS4,(M)0<uibic  feet. 
For  mean  wat^^r  supply  ])<^r  second  wo  have — 

I2,5()0xl,184,0<)0^   -772  cubic  feet. 
222x24x3,000 

Or,  for  even  figunis,  we  may  place  the  lockage  reciuirement  at  800 
cubic  feet  per  second.  The  foregoing  (luantity  of  HOO  cubic  feet  per 
second  exi)enditure  of  water  for  lockages  is  based  upon  absolutely 
uniform  distribution  of  vessels,  both  as  to  direction  and  seiison.  As 
a  modifying  factor  we  should  take  into  account  these  elements: 

(1)  Since  the  feeder  has  no  storage  in  the  vicinity  of  the  main  canal 
any  draft  in  exc<?ss  of  the  mean  (luantity  must  be  drawn  from  the 
main  channel  itself. 

(2)  As  a  broad  proposition,  there  will  be  a  tHnden<»,y  to  more  lock- 
ages in  daylight  than  at  night. 

(3)  In  the  spring  of  the  year,  on  account  of  the  pr<»ponderan4te  of 
the  grain  tnwle,  the  larger  proportion  of  movement  will  probably  be, 
for  a  time,  from  west  to  east.  At  other  s<^asons  there  are  likely  to  be 
times  when  the  traffic*  will  be  in  ex(»ess  in  onc^  direction.  The  estimate 
of  one  and  one-half  lockfuls  of  water  for  eai^h  vessel  passing  the 
summit  is  based  on  uniform  distributicm  of  the  tratlic,  otherwise  two 
lockfuls  per  vessel  passing  is  re<iuired.  The  proper  addition  to  the 
lockage  requirement  on  account  of  such  irregularity  (?an  not  l>e  defi- 
nitely determined  until  one  has  statistics  of  the  actual  movement 
covering  a  series  of  yeai*s.     In  the  absence  of  such  t  he  fon^going  may 


'  Reference  may  be  made  to  the  annnal  reports  of  the  Chief  of  Engineers  for 
nomerous  discussions  of  the  general  question  of  canal  wat«r  sapply.  formnhe  for 
same,  etc.     See  the  several  indexes  to  these  reports. 
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bo  poinled  out.  as  a  n^asoii  why  tlu*  IcK'ka^e  ivquirenu'iit  should  Ik? 
properly  jilacMMl  somewhat  hirger  than  the  theoivtical  fi^un*. 

Table  No.  1-  ^ives  (evaporation  from  a  water  siirfa<*e,  as  observed 
at  tlic*  Mount  Hope  res<*rvoir  of  the  Roeliester  waterworks,  from  lSli2 
to  I'^HS,  inelusive.  lM»r  the  navigation  montlis  A])ril  to  XovemlxT, 
inclusive,  ^evaporation  ranges  from  l.X'J  ineh<»s  in  XovemlM»r,  1SI»7,  to 
0.S5  inches  in  Julv,  ISDS.  The  water  surface  of  tlu»  proi)ose<l  summit 
level  is  so  small  as  to  makt*  evaiK)ration,  even  in  the  maximum  month, 
hardly  worth  taking  into  account.  At  0.85  indies  for  the  month  the 
evaiHjration  on  tin*  summit  level  In^comes,  roun<lly,  5  cubic'  feet  jK^r 
second.  In  onliM*  to  give  evajioraticm  som<»  value  in  the  estimate  of 
ti)tal  water  supply  w<»  will  take  it  at  from  .5  to  10  <Mibic  fiM»t  i>er  second. 

Th(e  author  kn<»ws  of  no  rational  methcxl  of  (»stinuiting  percolation 
loss  for  a  canal  un<hM-  the  conditions  which  (»xist  in  Mohawk  Valley. 
The  drainage  is  all  toward  the  valley,  and  at  first  tliought  it  miglit 
appear  that  percolation  was  a  ni»gligibl<»  quantity.  However,  if  we 
consider  that  tlu*  total  water  supply,  as  estimatcni  for  the  summit 
level,  takes  into  a<*count  the  (Mitire  yield  of. the  catchment  area  tribu- 
tary to  the  main  channel,  and  furtluM*  <*onsider  that  tlie  channel,  as 
located,  has  its  water  surface*  for  a  considerabh*  distance  sevenil  fiH?t 
above  th(*  onlinai'V  water  plane  of  M<»hawk  liiver  and  Wo(k1  Creek 
in  their  natural  <*ondition,  we  nmy  (M)nclude  that  i)ercolation  <»ught 
not  to  b(»  <'ntir<»ly  neglcM'ted,  mor<»  (\specially  because  the  soils  in  the 
Mohawk  lK)ttom  are  opcMi  and  porous,  an<l  without  some  method  of 
consolidation  of  tlu^  natural  soils,  which  <loes  not  now  occur  to  the 
author,  can  be  <levisfMl  there  is  likely  to  be  <*onsid(»rable  loss  from 
perccdation.  Hy  way  of  showing  th(»  relation  of  watc^r  surface  of  the 
summit  h»vel  to  ordinary  water  l(*v<ds  in  Mohawk  River  and  Wood 
C^n»ek  tlu»  following  data  are  cited: 

At  a  distance  of  17, (MM)  f(»<'t  c^ast^of  Home  the  onlinary  water  sur- 
face of  Mohawk  River  is  at  elevation  of  415,  or  the  same  as  water 
surface  of  the  summit  level;  i'4,(MK)  feet  east  of  Rome  it  is  413;  :{2,CXH) 
feet  east  it  is  -loS;  41,<MM)  feet  east,  404;  and  47,(MH)  feet  east,  401. 

At  17,5(M^)  f<'et  w<»st  of  Rome  the  ordinary  water  surface  of  Wood 
Creek  is  at  414,  or  1  foot  lower  than  the  summit  level;  at  iM,5(M)  feet 
west  of  Rome  it  is  4nS;  and  at  i'5,')(M)  iWt  west,  :{I»S. 

Th<»  author  has  no  way  of  demonstrating  the  proiK)sition,  although 
it  seems  <dear  enough  to  him,  that  with  an  <»pen,  porous  soil  the 
percolation  from  tin*  (*anal  at  points  when*  the  summit  level  is  raised 
somewhat  above  the*  ordinary  water  level  of  Mohawk  River  and  Wood 
Cix*ek  will  1m*  considerable.  The  i>on)Us  soils  <»f  th<*se  valleys  will 
take  up  water  like  a  sponge,  making  considerable  ai'eaw  from  which, 
due  to  a  luxunant  vegetation,  the  summer  evaporation  may  be  as 
much  as  00  inches  ov<*r  the  actual  ground  an*a  affected.  The  land 
damage  on  these  areas  will  Ix*  considerable  and  should  ]wt  taken  into 
aecount  in  the  estimate.     In  dry  years,  with  a  total  rainfall  from 
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Juno  to  NovemlxM*,  inclusive*,  of  from  8  to  1:^  inches,  the  amount 
requiieci  to  keep  up  tliis  jj:rcat  (evaporation  must  come  by  i)ercolation 
from  deep  waterway  channel.  If  we  assume  an  area  of  JO  square 
miles  as  affected,  the  amount  of  water  required  to  keep  up  constant 
evaporation,  on  the  basis  oT  Oo  inches  for  the  navigation  season, 
would  be  nearly  So  cubic  feet  X)er  second,  or,  even  if  we  consider  the 
area  affected  as  not  exceeding  5  square*  miles  and  take  into  account 
the  hxss  into  tlie  old  water  channels,  it  seems  rational  to  allow^  ])ereo- 
lation  from  summit  lev(»l  of  75  to  100  (nibic  feet  per  second. 

Leakage  at  gates  an<l  structures  is  a  very  un(*ertain  element. 
Under  ordinary  conditions  the  gates  ought  to  be  worked  without 
very  much  leakage.  The  data  furnished  by  your  13oard  indicates  a 
prol)abh»  loss  from  this  source  of  perhaps  <)0  to  SO  cu])ic  feet  i)er 
second. 

A  cimsiderable  amount  of  i)ower  will  1h»  re(juired  at  each  lock  for 
op<'rating  gates  and  for  electric*  light  at  night.  A  conservative  allow- 
ance for  this  purpose  S(*ems  to  be  from  20  to  25  cubic  feet  jx^r  second 
at  each  end  of  summit  level,  or  a  total  of  40  to  50  cubic  feet  per  second. 

On  Erie  Canal  considerable  time  is  saved  by  flushing  boats  out  of 
the  locks  on  to  the  low(*r  l(*vels  by  letting  water  through  the  gates 
frcnn  above.  '^I'he  authoi*  does  not  understand,  however,  that  this 
practice  is  specially  applicable  to  locks  passing  boats  carrying  their 
own  power.  In  order  to  accommodate  local  traffic  it  is  probable,  even 
tliough  deej)  waterways  should  be  constructed  on  substantially  the 
lines  now  under  consideration,  that  Kric*  Caiml  would  be  maintained 
on  its  i)resent  line  from  near  Rome  to  Buffalo.  Independent  of  other 
considerations,  this  wouhl  lead  to  consi(h*rable  traffic  on  deep  water- 
ways in  the  way  of  barges,  timber  rafts,  and  fli*ets  of  canal  boats,  the 
handling  of  which  will  pr(»bably  be  nw)r<^  or  less  (expedited  by  a  rea- 
sonable use  of  water  for  flushing  cmt  on  to  the  low(*r  levels.  As  a 
nuitter  of  judgment,  purely,  this  item  has  been  placed  at  from  50  to 
(JO  cubic  feet  per  S(*cond,  although  by  tin*  use  of  me<'hanical  arrange- 
ments for  doing  this  work  the  quantity  of  water  could  Ix*  materially 
reduced,  flushing  being  in  any  case  an  uneconomical  method  of 
applying  for(*e. 

In  order  to  pass  tin*  large  flood  flows  of  Tpper  Mohawk  without 
great  fluctuation  of  the  water  surface,  it  will  b(*  necessary  to  jirovide 
from  2,(X)0  to  2,500  linear  feet  of  spillway  at.  each  (»nd  of  the  summit 
level,  and  over  which,  whenever  theie  is  any  interrui)tion  of  uniform 
distribution  of  hxikages,  there  must  necessarily  ])e  considerable  wast<*. 
Taking  into  account  the  actual  water-surface  area  of  the  summit  level 
of  (71,000 X''J34)  =  24,014,^)00  square  feet,  and  assuming  an  inflow  of 
1,300  cubic  f;*et  i)er  second,  without  any  outflow,  the  increase  in  depth 
per  hour  becomes  O.lli  foot,  or  in  three  hours  the  increase  in  depth 
would  l)ecome  0.58  foot.  However,  if  there  wei*e  no  lockages  for  three 
hours,  the  depth  would  not  increase  as  rai)idly  as  this  because  of  the 
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leakage  at  gates  and  sluices  and  wastage  on  the  spillways.  In  order 
to  illustrate  tliis  matter  we  may  consider  the  following  tabulation,  in 
which  the  heads  are  given  in  inches  and  feet.  The  coefficient  used 
for  the  computation,  as  derived  from  Bazin's  experiments,  is  applica- 
ble to  a  flat-cn»8ted,  or  nearly  flat-crested,  weir  from  0  to  7  feet  wide. 
The  quantity  of  discharge,  Q,  in  cubic  feet  per  second,  is  given  per 
lineal  foot  of  crest  and  also  for  2,50<)  feet  of  crest. 
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Referring  to  this  tabulation,  it  appeans  that  when  the  water  rises  to 
a  depth  of  only  1  inch  on  such  a  crest,  the  discharge  over  2,500  lineal 
feet  would  become  133  cubic  feet  per  second,  while  for  2  inches  depth 
it  becomes  375  cubic  feet  per  second,  and  for  3  inches,  735  cubic  feet 
per  second,  and  so  ou  up  to  1,003  cubic  feet  per  second  for  a  depth  of 
5  inches.  However,  the  wastage  would  be  less  than  these  figures  indi- 
cate at  first  glance,  because  of  the  outflow  from  leakage  and  the  wast- 
age over  the  crest.  A  i)roblem  of  this  nature  liais  Ikh^u  discussed  at 
length  in  the  author's  report  on  (ienesee  River  storage,  to  l)e  found 
in  the  Annual  Report  of  the  Stiite  Engineer  and  Surveyor  of  the  State 
of  New  York  for  the  fiscal  year  ending  Sei^tember  30,  1804,  and  refer- 
ence may  be  made  to  pages  390  and  301  of  that  reiK)rt  for  formulae  and 
numerical  example.'  Inasmuch  as  the  solution  of  the  present  case  is 
precisely  like  the  case  there  cited,  it  has  not  seemed  worth  while  to 
repeat  the  computation  here.  It  is  suflicient  to  say  that,  applying 
the  reasoning  then*  given,  it  is  shown  that  under  the  actual  existing 
conditions  of  the  proposc^d  deej)  waterways  summit  level,  whenever 
there  is  an  interval  of  two  or  three  h<»urs  without  lockages,  the  wast- 
age over  the  long  spillways  at  tlu»  ends  of  tlie  level  will  amount  to 
several  hundred  cubic  fe(»t  jxm*  second.  This  <iuantity  may  probably 
be  reduced  somewhat  by  the  use  of  flashboards,  to  be  set  in  place  an<l 
taken  oflF  as  necessary,  although,  in  view  of  tlu»  sudden  flood  rises  of 
Mohawk  River  and  consecimait  necessity  for  removing  the  flashboards 
freciuenth',  the  author  can  not  but  think  that  such  reined}'  will  be 
somewhat  unsatisfactory.  The  safer  way,  without  doubt,  is  to  pro- 
vide a  liberal  wastage  reciuirement.     On  this  basis  the  author  has 

'  Th^  simg  pro")  e  \i  is  also  discussed,  pp.  722-7  M.  of  the  Annaal  Report  of  the 
State  Engineer  and  ^->^rveyor  for  ISiiO. 
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assumed  from  150  to  250  cubic*  fe<rt  per  second.     Bringing  these  sev- 
eral items  of  summit  water  supply  together  we  liave  the  following: 

Cubic  feet  per  second. 

(1)  Lockages BOO  800 

(2)  Evaporation 5  to  10 

(3)  Percolation 75  to  100 

(4)  Leakage  at  gates,  etc 60  to  80 

(5)  Power  aDd  electric  lights 40  to  50 

(6)  Flushing  out  canal  boats,  barges,  and  timber  rafts 50to  60 

(7)  Wastage  at  spillways... 150  to  250 

Total    .. I,l80to  1,350 

(8)  Feeder  losses 300  to     600 

Final  total 1,480  to  1,950 

As  a  conservative  summation  of  this  part  of  the  discussion  the  author 
has  assumed  1,000  cubic  fe(»t  per  second,  which  includes  the  feeder 
losses,  as  the  i)roper  ])asis  of  comput  ing  draft  from  reservoirs,  provid- 
ing, however,  enough  cont  !ngency  in  the  storage  to  cover  the  maximum 
draft,  should  it  ever  be  nnpiired.  As  a  main  reason  why  we  may  take 
the  quantity  of  the  water  supply  somewliat  less  than  the  maximum 
indicaited  by  the  foregoing  ligures,  it  may  be  pointed  out  that  the  sum- 
mit-level locks,  while  740  fec^t  in  length  Ix^tween  the  main  gates,  are 
further  provided  with  two  intermediate  sets  of  gates,  dividing  the  lock 
cluimber  into  lengths  of  5(M)  and  240  feet.  The  use  of  these  shorter 
prisms  for  locking  small  vessels  may  be  expecte<l  to  result  in  consid- 
erable saving  of  water,  but  just  how  much  can  not  be  determined  in 
the  alwence  ot*  specific  statistics  of  lockage.^ 

Proceeding  on  similar  lines  of  discussion  for  walesr  supply  of  supply 
level  foi  21-foot  depth  of  canal,  wo  reach  the  following  result: 

Cubic  foet  per  »ecund. 

(1)  Lockages 575  575 

(2)  Evaporation 4  to  8 

(3)  Percolation 75  to  100 

(4)  Leakage  at  gates,  etc 50  to  60 

(5)  Power  and  electric  lights 3.5  to  47 

(6)  Flushing  out  boats 50  to  60 

(7)  Waste  at  spillways V)i)  to  250 

Total    940  to  1,100 

(8)  Feeder  loHses 275  to     500 

Final  total 1,215  to  1,600 

Taking  an  api>roximate  mean  of  tlie  foregoing  final  totals,  we  may 
fix  upon  1,400  cubic  feet  i)er  second,  including  f<MMler  losses,  as  the 
proi)er  supply  for  a  21-foot  canal. 

'  Additional  reasons  for  taking  the  feeiler  losses  at  lens  than  in<Ucated  in  the 
foregoing  tabulation  are  given  in  the  chapter  on  Discussion  of  ])ropo8ed  Black 
River  feeiler. 
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WATER   Sl-PPLY   FOR  I.OW-LEVEL   SHIP   CANAL. 

The  detailed  data  of  this  project  not  having  been  furnishe<l  to  the 
author,  tlie  foUowin*;  <liseiission  must  be  taken  as  an  approximation 
merely. 

The  project  for  a  low-l«»vel  canal  in(*ludes  cutting  through  tlu^  Home 
ridge  from  the  low-waiter  level  of  Oneida  Lake  (30S.50  +  T.  W.)  to 
Mohawk  Valley,  at  Lit  t  le  Falls.  In  order  to  obtain  a  water  supply  for 
operating  the  locks  at  either  end,  <»tc.,  it  is  propose<l  to  nuike  a  storage 
on  the  surfact^  of  Oneida  Lake  and  the  connecting  canals  to  the  depth 
of  7  feet.     The  locks  at  tlu»  ends  are  ;».ssumed  to  have  LH)-foot  lifts. 

Evaporation  loss  will  be  that  due  to  the  surfa<*e  of  Oneida  Lake,  as 
well  as  of  t]i<*  canal  from  tlie  summit-h»vel  lock  below  Hrewerton  to 
Little  Falls.  Percolation,  however,  aside  from  leakage  of  dikes 
around  west  t^nd  of  Oneida  Lake,  will  be  nothing. 

The  fluctuation  of  Oneida  Lake  will  be  tak<Mi  to  occur  between  ele- 
vations oJJS.T)  and  v575.o,  for  which  i^levations  we  may  assume  a  mean 
area  of  al)out  85  squai'e  miles.  We  have*,  tlien,  t  he  approximate  water 
surface  of  lake  and  canal  betwc^Mi  locks  (»(xualto  ss.  7  square  miles, 
from  whicli  the  evaporation  for  the  navigation  months,  Ai)ril  15  to 
November  3i),  inclusive,  may  be  taken  on  tlie  basis  of  the  means 
of  the  Rochester  measurements,  at  '2U,\)'2  inch<»s,  or,  as  these  figures 
are  means,  we  may  say  oO  inches,  which  equals  -..")  feet.  This  leaves 
an  effective  storage  on  Oneida  Lake  and  th<»  canal  of  4.5  feet  over  88.7 
square  miles.  The  total  storage  of  7  feet  on  8S.7  scpiare  miles  would 
1k>  17,:J(Mij;ii!),()(U)  cu])ic  ft^et.  Tlie  ellective  storage  of  L 5  feet  depth 
would,  however,  only  be  1  l,li*7J><5:{,()00  cubic  feet. 

If  we  assume  the  run-olT  of  tlu^  growing  and  replenishing  periods 
of  stn»ams  tributary  to  Oneida  Lake  in  an  ordinary  dry  water  year  at 
4  inclies,  we  have  an  addition  to  t  lie  effective  storage  of  11,750,000,000 
cubic  fet^t.  The  total  available  storage  becomes,  then,  22,885,01  K),<K>0 
cubic  feet,  equivalent  to  1,11K)  cubic  feet  per  second  for  222  days. 

We  will  now  estimate  the  water  supi)ly  rei^uired  for  a  low-level  canal 
30  feet  in  depth.  Inasmuch  as  evaporation  has  l)een  allowed  for  in 
the  preceding  discussion,  we  may  leav<»  that  out  t)f  the  account.  We 
will  also  include  only  a  small  ])er<»olation  allowance  for  leakage  througli 
the  dik<*s  near  r>rewert(m. 

Cubic  feet  per  st^cond. 

(1)  LockaKf^s 8uU  800 

(2)  Percolation .  10  to  20 

(8)  Leakage  at  j?ates.  eti! 00  to  80 

(4)  Power  and  electric  lip:hts 40  to  .lO 

(5 )  Flushing  out  canal  boats,  barges,  and  timber  rafts 50  to  60 

(6)  Wastage  at  spillways 40  to  90 

Total l.OOOto  1,100 

With  the  large  storage  area  of  Oneida  Lake,  wastage  at  spillways 
ought  not  to  ex<*etMl  about  40  to  1» )  cubi(?  feet  i)er  second,  and  may  be 
even  less.     In  any  case,  the  preceding  figures  show  that  for  onlinary 
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years  there  would  be  u  clear  surplus  of  IH)  eubie  feet  per  seeond. 
Hence  this  item  d(x*s  not  enter  specially  into  the  account. 

We  will  assume  that,  ^vith  all  contingencies,  the  larg(M*  quantity  of 
the  preceding  tabulation — 1,100  cubic  f(M^t  p<M'  second — is  the  lejist 
figure  to  \ye  used  for  water  sui)ply  of  low-level  canal.  Let  us  examine 
as  to  whether  this  supply  can  l)e  obtainetl  in  an  extrem<»  minimum  dry 
year.  The  quantity  of  1,100  cubic  feet  x^er  second  amounts  for  2-22 
days  to  21,100,i"MX),000  cubic  feet,  which  is  equivalent  to  7.25  inches 
on  Oneida  Lake  cat(»hment  area  of  1,20.5  s([uare  miles.  Probal>ly  if 
we  were  to  have  such  an  extreme  dry  year,  as  Ims  bc<»n  shown  to  be 
possible  in  tlu^  chapter — Meteorology  of  New  York  an<l  Ww  Rela- 
tion of  Prei'ipitation  to  Run-oH' — Oneida  Lake  catchm<Mit  area  b}' 
its(»lf  might  not  yield  (^uitc  7.25  inches.  The  entire  Upp(»r  Mohawk 
area  of  1,'JoO  square  miles  al)ov<»  Little  Falls  would,  however,  be 
tributary  to  Ww  canal,  and  1>y  x)roper  regulation  a  portion  of  its  run- 
off could  be  stoHMl  on  Oneida  Lake,  thus  insuring  an  ample  water 
supply  for  a  low-level  canal  under  th<^  most  advei-se  conditions  and 
witliout  resort  to  artificial  reservoirs.  From  this  point  of  view  there 
is  no  reason  for  doubting  the  adequacy  of  the  water  supply  for  low- 
level  canal  under  the  most  adverse  meteorological  conditions  of 
which  it  is  possible  t«»  conceive.  The  large  storage  of  Omnda  Lake 
would  undoubtedly  prove  ample  for  all  contingencies. 

The  preceding  discussion  having  shown  adequacy  of  water  sujiply 
for  low-level  summit  canal  oD  feet  in  depth,  it  follows  that  supjdy  of 
low-level  canal  21  feet  in  depth  is  e<iually  assured. 

Wx\TER   SUPPLY    FROM    STATE    RESERVOIRS   OX   THE    MOHA WK-SrS(^rE- 

HANNA    DIVIDE. 

The  water  supply  of  the  abandcmed  Chenango  Canal  in<dud(»d  sev- 
eral reservoii-s  on  the  dividing  ridge  between  Oriskany  Creek  and 
Chenango  Uiv(M'  drainage  and  which,  since  the  abandonment  of  Che- 
nango Canal,  have  been  r<*tained  as  feeders  for  Kri(»  Canal,  water 
therefrom  being  delivered  into  Erie  Canal  at  Utica  through  tin*  aban- 
doned Chenango  Canal.  These  reservoii-s  are  situatcMl  in  3Iadison, 
Eaton,  Nelson,  and  Lebanon  townships  in  Ma<lison  County  and  include 
the  following:  IIal<*hs  Lak<\  F^aton  Brook,  Bradley  Brook,  Leland 
Pond,  Madison  Brook,  an<l  Kingsley  Brook  reservoirs.  Their  main 
characteristics  and  st()rag<»  (*apacity  in  cubic  feet  are  shown  by  tlie 
following: 


Name  of  n.H..rvoir.  |  ^JrEri^  ^VL^Jt*^^  ^Vl^",*?'^       ^.IS?? 

Cimnl.   I     ^^^^ 


Milrs.    I    Arres. 

Hatchs  Lake m    .      

Eaton  Brook :V<  i  2U 

Bradley  Brook I'm    

LelandPond :r>  IV» 

Madison  Brook »•!♦  'SX')  : 

KinfiTHley  Brook :  .'Hi 


h'pth. 

rapacity. 

10 

i'> 

.s 
4") 

Cubic  feet. 
5S,:J70.44M 

4«).W:jlllO 
W.44:).tM)(J 

Totcl  Btorajf.' IJJTo.sStH.OM) 
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Measurements  of  the  run-off  of  Eaton  and  Madison  brooks,  on  which 
are  situated  the  Eaton  Brook  and  Madison  Brook  reservoirs,  were 
made  by  John  B.  Jervis  in  1835.  llie  catchment  area  of  Eaton  Brook 
is  stated  at  10.6  square  miles  and  that  of  Madison  Brook  at  9.4  square 
miles.  The  run-off  of  Eaton  Brook  from  June,  1835,  to  December  of 
that  year,  inclusive,  was  191,528,020  cubic  feet,  the  rainfall  for  the 
same  months  being  19.82  inches.  The  run-off  of  Madison  Brook  from 
January,  1835,  to  December  of  that  year,  inclusive,  was  383,986,420 
cubic  feet,  the  rainfall  of  the  period  being  35.26  inches.  The  run-off 
of  the  year  1835  from  the  Madison  Brook  cjitchment  area  therefore 
becomes  15.83  inches.  We  may  safely  assume  that  in  1835  there  was 
considerably  more  timber  on  these  catchment  areas,  and  that  there- 
fore the  run-off  for  a  given  rainfall  was  larger  then  than  now.^ 

Referring  to  the  foregoing  ta-ble  it  is  seen  that  the  storage  capacity 
of  Eaton  Brook  reservoir  is  given  at  553,212,000  cubic  feet  and  Madi- 
son Brook  at  460,647,000  cubic  feet,  the  sum  of  the  two  being,  roundly, 
1,000,000,000  cubic  feet.  The  entire  run-off  of  these  two  catchment 
areas,  of  which  the  total  is  20  square  miles,  did  not  include  in  1835 
more  than  770,0CK)  cubic  feet.  In  an  extreme  dry  year  the  yield  of 
these  areas  will  not  exceed,  under  present  conditions  of  forestation 
and  cultivation,  40  to  50  per  cent  of  the  stated  yield  in  1835.  *  In  view 
of  Genesee  River  record,  as  well  as  gaugings  of  Oriskany,  Saquoit,  and 
other  creeks  issuing  from  south  side  of  Mohawk-Oneida  Valley,  we 
probably  are  not  justified  in  assuming  more  than  about  7  inches  over 
the  catchment  area  as  total  run-off  of  these  streams  in  a  year  of  mini- 
mum flow.  These  reservoirs  liave  therefore  very  little  value  for  feed- 
ing the  main  deep  waterway,  although  if  kept  full  they  may  be  of 
some  use  for  emergency  supplies.  Hence  it  has  been  deemed  best  to 
omit  them  from  consideration  as  part  of  the  permanent  supply,  but 
inasmuch  as  in  case  of  building  a  deep  waterway  on  the  Oswego- 
Oheida-Mohawk-lIudson routes,  such  construction  would  undoubtedly 
be  preceded  by  the  abandonment  of  the  Mohawk  Valley  section  of 
Erie  Canal,  and  consequently  Erie  Canal  reservoirs  would  be  available 
for  deep  waterway  supply.  The  suggestion  is  made,  therefore,  that 
these  reservoirs  be  taken  over  in  the  final  arrangements  with  the  State 
of  New  York  and  held  for  emergency  purposes  only,  the  channels 
leading  to  the  head  waters  of  Oriskanj^  Creek  being  sufficiently 
enlarged  to  permit  of  passing,  if  necessary,  something  like  500  cubic 
feet  per  s(»cond,  in  this  way  materially  assisting  the  w^ater  supply  of 
main  deep  waterway  in  ease  of  temporary  interruption  of  supply  from 


'  For  detail  of  the  measurementB  of  run-off  of  Eaton  and  Madison  brooks,  as 
made  by  John  B.  Jervia  in  183.*>,  gee  Water  Supply  and  Irr.gation  Papers  of  the 
United  Sates  Geological  Survey,  No.  24;  Water  Resources  o:  the  State  of  New 
York,  by  George  W.  Rafter,  pp.  07  and  68,  where  full  reference  to  Mr.  Jervis^s 
ori;;inv.   reports  may  be  found. 
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the  usual  sources.  A  small  amount  has  been  inehuleil  iu  the  estimates 
to  cover  the  cost  of  necessary  enlargement  of  the  feeder  channels, 
which  at  present  are  somewhat  restricted. 

DESCRIPTION    OF   BLACK  RIVER. 

The  Black  River  rises  in  the  west^^rn  part  of  Hamilton  County, 
whence  it  pursues  a  southwesterly  direction,  passing  across  Herkimer 
and  into  Oneida  County.  It  then  turns  and  runs  northwest  through 
Lewis  C/Ounty,  after  which  its  course  is  westerly  across  Jefferson 
County  to  Black  River  Bay,  at  the  eastern  extremity  of  Lake  Ontario. 
The  catchment  area  of  i^lack  River  at  various  jmints,  and  of  its  main 
tributaries,  are  as  follows:^ 

Siitmre  iiiilefl. 

Black  River,  at  mouth 1,930.2 

At  Watertown  (Remingtons  dam ^ 1,891.7 

At  Watertown  (waterworks  dam  at  Huntington ville) 1 ,  888. 6 

At  Black  River  village 1,808.9 

At  site  of  Rawson's  dam  f  \  miles  l>elow  Carthajiie) 1. 824. 1 

AtCarthage 1,81'3.2 

Above  month  of  Moose  River . 46J.  0 

Forestport 208.0 

Beaver  River,  at  mouth. ;}37.5 

Beaver  River,  at  Beaver  Falls 322.3 

Moose  River,  at  month 415.5 

Moose  River,  at  Agar 's  mill .   ..  4;)7.3 

Deer  River,  at  mouth 102.0 

Deer  River,  at  Deer  River  village 1(K).  8 

Woodhull  Creek 108.4 

Otter  Creek  (one-half  mile  above  mouth  of  creek ) 03. 0 

Independence  Creek,  at  month 1;8.8 

Independence  Creek  (3  milrsalK>ve  mouth) 93.2 

The  length  of  the  river,  measured  along  its  cm)Ui-s<*  fr<»m  its  m(»uth 
at  Black  River  Bay  to  the  head  waters,  is  111*  miles. 

The  section  drain<Ml  by  the  upper  river  in  Herkimer  and  IIjimilt<m 
counties  is  a  rugged,  mountainous  region,  with  numerous  lakes,  a 
number  of  which  have?  Wen  utilized  by  tin*  State  of  Xt»w  York  as 
storage  reservoii's  to  comiHMisatc  for  water  taken  f<n-  tho  supply  of 
Black  River  and  Erie  canals. 

The  extreme  head  waters  of  tli<*  main  riv(M-  are  C'anaclmgala  Lake, 
North  Lake,  and  South  Lake.  Other  lakes  on  tlie  head  watei-s  of  the 
main  river  arc  Woodhull,  Little  Bisby  Chain  Lakes,  Little  Woodhull, 
Chub,  Long,  White,  an<l  a  number  of  others.  The  chief  tributaries 
of  Black  arc  ih<^  Moose  and  Beaver  rivers,  both  of  which  rise  in  Ham- 
ilton County  and  flow  across  Herkimer  into  Lewis  ( 'ounty.  Th(»  prin- 
cipal lakes  at  the  hea<l  of  Moose  River  are  Two  SisttM's,  Pigeon,  Big 
Moose,  Second,  Cascade,  Fult<m  Chain,  Lime  Kill,  and  Little  Moose 
lakes.     The  principal  lakes  at  the  head  waters  of  the  Beaver  l^iver 


■These  data  are  repeated  from  p.  "»T7  for  convenience  of  reference. 
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are  Lakes  Lila  uiid  Frances,  Josephine  Lake,  Nehasane,  Big  Rock, 
Little  Rock,  Salmon,  Loon,  and  Twitchell  lakes  and  others. 

Other  smaller  tribntaries  of  Black  River  are  Black  Creek,  Little 
Woodluill  Creek,  Big  Woodhull  Ci'eek,  Crystal  Brook,  Otter  Creek, 
Independence  Creek,  Crystal  Ci'eek,  Swiss  Creek,  Moose  Creek,  Sugar 
River,  Whetstone  Creek,  Roaring  Creek,  Mill  Creek,  Deer  River,  and 
other  small  streams.  The  following  gives  the  elevation,  in  feet,  of  the 
main  points  on  ]>lack  River  above  tide  water,  according  to  the  best 
available  information: 

Feet. 

At  mouth - 247 

Watertown,  west  line  of  city 870 

Watertown,  at  head  of  falls 492 

Felt's  mills,  crest  of  dam ...  563 

Carthaije,  at  foot  of  rapids  609 

Carthage,  crest  of  State  dam 724 

Lyons  Falls,  at  foot 733 

Lyons  Falls,  crest  of  State  dam 802 

Forestport,  crest  of  State  dam 1,129 

North  Branch  reservoir 1,821 

Chub  Lake 1,599 

Woodhull  reservoir 1,854 

South  Branch  reservoir 2,019 

Moose  River,  at  mouth 802 

First  Lake,  Fulton  Chain 1,684 

Second  Lake 1,684 

Third  Lake 1,685 

Fourth  Lake 1,687 

Fifth  Lake    1,691 

Sixth  Lake 1,760 

Seventh  Lake 1,762 

Eighth  Lake 1,803 

Little  Moose  Lake 1,772 

Big  Moose  Lake 1,787 

Beaver  River,  at  mouth  .       724 

Beaver  River,  at  Number  Four 1, 436 

EARLY    WATEK    POWEK    AND    MANUFACTURINC;    PROJECTS    ON    BLACK 

RIVER. 

Precise  knowledge  of  the  region  draine<l  by  Black  River  is  almost 
entirely  confined  to  the  present  century.  So  little  was  known  of  its 
geogi'aphy  that  in  a  statistical  work,  Winter'ootlianrs  View  of  the 
American  United  States,  published  in  17IM],  it  is  stated  tliat  Black  River 
is  said  to  rise  "in  the  high  country  near  the  sources  of  Canada  Creek, 
which  falls  into  the  Mohawk  River  and  takes  its  course  northwest  and 
then  northeast  nntil  it  discharges  into  the  Cataraqui  or  Iroquois  River 
not  far  from  Swegauchee;  it  is  said  to  be  navigable  for  bateaux  up  to 
the  lower  falls,  00  miles."  That  is  to  say,  Winterbotham  understood 
Black  River  to  be  navigable  either  to  Cartilage  or  possibly  Lyon 
Falls,  the  misappreliension  probably  having  grown  out  of  the  accounts 
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given  by  liuiikM's  and  trapi>ers  of  the  lon^%  nearly  level  streleli  of  about 
40  miles  lK*l\veen  Carthage  and  Lyon  Falls.  The  JJlack  River  is  not 
rei)resented  on  any  of  the  early  French  or  English  iiiai)s  of  the  region.^ 

Surveys  of  Watertown  Townsliip  wen*  niadt^  by  Benjamin  Wright, 
who  was  lat4»r  ehief  engineer  of  Erie  (-anal,  in  17I»<».  ITis  report  may 
be  considered  the  b(»ginning  of  something  like  accurate  knowledge  of 
the  region.  Tn  regard  to  Watertown  Township  lie  .states  therein  that 
'* township  No.  i\  ou  I>lack  Kiver,  is  situated  alH)Ut  :J  miles  from  the 
mouth  of  the  river.  This  river  is  navigable  for  bateaux  about  IJ 
miles,  but  yet  with  considerabh^  difficulty  it  may  1m'  ascended  :1k 
miles.  *  *  *  Th<*r(»  an?  excellent  mill  stoats  along  Hlack  Jiiver, 
where  they  are  noted  on  the  map,  and  many  mor(%  whi<*h  it  is  impos- 
sible to  note  with  certainty,  as  th(?  riv(»r  the  whole  distance*  on  the 
town  is  very  rapi<l  ex(»ei)t  at  the  northeast  corner  for  about  three- 
quarters  of  a  mile.  The  river  is  very  rocky  ahmg  th(»  whole*  distance 
and  appears  to  be  a  bed  of  limest<me  rocks.'' 

Settlements  lx*gan  in  Watertown  Township  on  the  site  of  the  present 
city  of  Watertown,  in  March,  IHCK),  three  families  having  arrived  at 
that  time,  and  tliese  were  the  only  ones  n»maining  during  the  ensu- 
ing winter,  although  many  visited  Watertown  <luring  the  summer  of 
18()0  on  prospecting  tours,  who  subsequently  setth*d  there.  The*  pre- 
cise history  of  tlie  region  began,  then»for<*,  in  the  fullest  siMise,  with 
the  ninete<Mith  c<»ntury.-* 

According  to  Dr.  Hough,  the  name  of  Watertown  Township  was 
doubtless  suggested  by  the  extraordinary  amount  and  e'onvenicMice  of 
its  water  power,  for  which,  Dr.  ITough  says,  it  will  compare  favorably 
with  any  i)lace  in  the  State.  ''To  this  cause  may  be  nminly  att  ributed 
it«  early  and  rapid  growth  and  the  supe^riority  in  wealth  and  business 
which  it  enjoys  far  beyond  any  other  place  in  the  county.'' 

Watertown  is  the  county  seat  of  Jefferson  County.  According  to 
the  census  reports  the  population  of  the  township  in  isoo  was  111);  in 
1810  it  was  1,841;  in  1S2(),  2,700;  in  IH'M),  4,7r,8;  in  1S40,  o,<»27;  in 
1S50,  7,201 ;  in  180O,  7,o07.  In  1801»  the  city  of  Watertown  was  erected 
from  territory  taken  from  the  townships  of  Pamelia  and  Watertown. 
Id  1870  the  population  of  the  city  of  Watertown  was  i^,XU\,  tlie 
population  of  the  township  being  in  that  year  i,:{7:{;  in  ISSO,  the  popu- 
lation of  the  city  was  10,097,  and  the  township  1,2<>4;  and  in  180U  the 
city  was  14,725,  and  the  township,  1,215.  The  township  of  Pamelia 
had  a  population  in  180(>  of  2,7HH,  and  in  1S70,  1,202,  the  difference  in 
this  case  evidently  being  chiefly  due  to  the  absorx)tion  of  a  portion 
into  the  city  of  Watertown.  As  in  the  case  of  Wat^^town  Township, 
however,  the  populaticm  of  Pamelia  has  been  gradually  lessening  dur- 
ing the  last  two  census  decades.     Tn  IHSO  it  was  l,14:j,  and  in  1800, 

'See  preface  to  A  Hist4>ry  of  JefferBon  ronnty,  by  Franklin  B.  Hongh,  Water- 
town,  1854. 
*For  early  history  of  s«tt>iuent.s  on  Jilack  Kiver  see  Honikjli  »  history. 
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1,104.  Plotting  a  population  curve  for  the  city  of  Watertown  with 
the  data  of  the  censuses  of  1870,  1880,  an<i  1890,  we  learn  that  the 
probable  population  in  1900  will  be  22,800,  an<i  in  1905,  29,300.  Since 
its  incorporation  as  a  city  the  development  of  the  manufacturing 
industries  of  Watertown  has  been  very  rapid. 

In  addition  to  Watertown  the  other  chief  water-power  points  of  tlie 
Black  River  Valley  are  Dexter,  Brown ville,  Black  River  Village,  Felts 
Mills,  Great  Bend,  Carthage,  Lyons  Falls,  and  Port  Leyden.  There 
are  aLso  extensive  water  powers  on  the  Beaver  and  Moose  rivers,  tribu- 
taries of  the  Black,  but  which,  aside  from  Beaver  Falls,  we  are  not 
specially  concerned  with  in  this  present  report,  nor  are  we  specially 
concerned  in  this  report  with  water  powers  on  the  main  stream  above 
Lyons  Falls. 

The  chief  object  of  this  chapter  is  to  present  a  concise  view  of  the 
relation  which  the  development  of  Black  River  water  power  has  had 
to  the  growth  of  the  region  as  a  whole,  such  discussion  leading  to  a 
broad  consideration  of  the  effect  of  materially  interfering  with  the 
development  of  the  manufacturing  interests.  We  will  endeavor,  in 
short,  to  discuss  the  economic  proposition  involved  in  seriously  inter- 
fering with  the  i)roductive  industries  of  an  extensive  manufacturing 
community. 

Without  going  into  an  extended  account  of  the  early  manufactur- 
ing establishments  of  the  Lower  Black  River,  we  may  still  give  enough 
to  show  that  manufacturing  has  always  been  a  leading  occupation  of 
the  Black  River  Valley  population. 

DRXTER.    . 

At  Dexter  man ufa<*tu ring  improvements  were  begun  in  1811  by 
Jacob  and  John  Brown,  who  built  a  dam  across  the  river,  which,  how- 
ever, was  carried  away  by  high  water  the  next  season.  It  was  replaced 
and  in  1813  a  sawmill  put  in  operation.  In  1820  John  E.  Brown 
erected  a  gristmill.  James  Wood  &  Sons  began  the  erection  of  a 
woolen  factory  about  1830,  and  in  1836  the  Jefferson  Woolen  Com- 
pany was  forme<l  with  $100,000  capital  for  the  construction  and  opera- 
tion of  a  woolen  mill.  The  miU  was  built  in  1837,  but  the  investment 
soon  proved  a  failure.  Subsequently  the  mill  was  operated  by  private 
parties. 

BROWNVILLE. 

Jacob  Brown  erected  a  sawmill  at  Brownville  in  1800  and  a  grist- 
mill in  1802,  but  it  was  not  until  1806  that  a  dam  was  built  across 
Black  River  at  this  place.  In  1814  a  company  was  formed  to  con- 
struct and  operate  a  cotton  mill  at  Brownville  with  a  capital  stock  of 
$100,000.  This  mill  was  operated  with  varying  fortunes  until  about 
1860.  In  1820  a  woolen  factory  and  various  other  enterprises  were 
inaugurated. 
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WATERTOWN. 

At  Watertown  the  fii-st  duni  wa8  built  across  the  south  channel  at 
Beebee's  Island  by  Jonathan  Cowan  in  1H()2  to  operate  a  j^ristmill.  In 
1805  Coffeen's  dam  was  built  at  the  lower  falls  an<l  about  1814  the  dam 
at  Soules  Ishmd  was  constructed,  but  it  was  not  until  1835  that  the 
large  dam  across  the  north  channel  at  the  head  of  Betbee's  Island  was 
built.  According  to  Dr.  Hough,  these  four  original  dams  of  1802, 
1805,  1814,  and  1835  were  still  standing  in  1854,  but  the  flood  of  18r,<j, 
at  any  rate,  worked  sad  havoc  with  some  of  them.  The  prc»sent  stone 
<lam  across  the  south  (*hannel  of  Beebtn^'s  Island  was  construc»ted  in 
18«)1». 

The  tirst  important  nmnufa<*turing  indUwStry  other  than  the  grist 
and  sawmills  was  C'^iswelT.*  paper  mill,  started  in  1808.  This  mill 
was  the  forerunner  of  the  pajK^r  industry  on  Black  River  The 
machinery  consisted  of  a  snniU  rag  nmchine,  carrying  about  150 
[lounds  of  rags;  two  or  three  potash  kettles,  set  in  a  brick  arch,  for 
l)oiling  rags  and  preparing  sizing;  one  vat  f(h  making  the  paper  sheet 
by  sheet,  and  a  i-ude  stan<ling  press  to  siiueoze  the  water  out  of  the 
pack.  After  pressing,  the  sheets  were  taken  from  the  pack  and  hung 
on  poles  to  dry,  and  if  intende<l  for  writing  pai>er  were  afterwards 
dipped  in  sizing  and  again  dried.  The  entire  process  was  worked 
without  the  use  of  steam  or  bleaching  nuit.erial.  As  a  substitute  for 
calendering  the  sheet*i  were  pressed  between  lioards.  The  output 
was  al)out  150  pounds  of  paper  per  day.  This  mill  c<mtinued  to 
make  paper  until  1833,  when  it  was  sold  to  Knowlton  &  Rice,  who 
had  begun  the  manufa<*tun»  of  i)aper  on  a  more  extended  scale  in 
1824.  This  firm  continued  to  be  the  only  paper  manufactiiivrs  on 
Black  River  until  1854,  in  which  year  I.  Remington  &  S<ms  fitted  up 
a  mill  with  four  rag  machines  and  an  <s4-inch  Fourdrinier  ma<»hine. 
This  mill  nmde  newspaper  only  and  had  a  capacity  of  3  tons  i)er  day. 
From  thcwse  small  beginnings  have  grown  up  the  extensive  pavper 
industries  of  Black  River,  as  shown  1)y  the  accompanying  statistics 
of  manufacturing  on  that  stream  as  it  existe<l  in  189S. 

As  already  state<i,  tlie  tirst  manutacturing  in<histry  in  the  village 
of  Watertown  was  the  primitive  gristmill  built  by  Jonathan  Cowan 
in  1802.  This  was  the  forerunner  t)f  extensive  flouring  mills  at  this 
place  later  on.  The  Bailey  &  (-lark  and  Coffeen  mills,  of  small 
capacity,  were  both  built  at  some  <late  previous  to  1812,  but  it  was 
not  until  1835  that  Joseph  Sheldon  and  Philo  C.  Moulton  built  the 
Union  Mills,  with  a  <*apacity  of  200  barrels  of  flour  per  day.  The 
Excelsior  Flour  Mills  were  erecte<l  by  Moulton  &  Simons  in  1845. 
This  mill  is  now  operated  by  th<»  A.  II.  Herrick  &  S(m  Company, 
incorporated  in  18i»5  with  a  capital  of  $50,<XK)  ])y  A.  II.  and  K.  W. 
Herrick  and  George  G.  Lee.  This  mill  has  a  (capacity  of  100  barn^ls 
of  wheat  flour  and  KM)  ])arrels  of  buckwlieat  per  <lay.  The  Jefferson 
Flour  Mills  were  ei-ected  in  1S55  and  oi)erated  until  about  188i),  when 
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the  proptTt y  was  sold  lo  Knowlton  Hrolliers  and  (Mnivertcd  into  a  pulp 
mill.  Th«»  C'roscfMit  Flour  Mills  wrie  built  by  FuIRm-,  Isdell  &  Wil- 
bird  in  1S7<)  and  surc^eoded  the  old  Pluenix  Mill  of  earlier  years, 
whieli  was  carried  away  by  the  fioo<l  of  18r,!».  Crescent  M\\\  now  lias 
19  stands  of  rolls,  a  <laily  capacity  of  i>(H)  barrels  of  flour.  The  Elec- 
tric* Mill,  built  in  isuo,  is  o[)erated  by  electrical  power  <lcrived  from 
wheels  of  Ta«rji:art  Brothers  Company.  It  is  used  exclusively  for 
^riiidin^  feed,  and  has  a  capacity  of  i*r>()  barrels  [>vv  hour. 

In  the  early  <lays  of  Watertown  several  tanneri<»s  were  operate<l, 
tlu^  tirst  industry  of  this  chara<*t<»r  having  been  established  in  1S08, 
in  which  year  C.  McKni^iit  set  up  a  saddle  anti  harness  business  and 
prepare<l  an<l  tanned  his  own  leather.  Jason  Fairbanks  established 
an  extensive^  tannery  in  lSi>;j,  althouj^h  he  ha<l  done  tanning  on  a  small 
scale  for  several  yeai-s  previous  thereto.  Holt  «fc  Heecher  establishetl  a 
tannery  at  som<»  date  previous  to  1S;J0,  which  remained  in  operation 
until  carried  away  by  the  ttoo<l  of  lS,5r».  Several  other  tanneries  were 
started  at  different  times,  but  with  the  chan*re<l  conditH)ns  of  business 
they  hav<»  all  passetl  away.  These  tanning  <»stablishments  all  use<l 
power  from  Black  Hiv<»r  for  grinding  bark. 

Beginning  with  the  time  of  the  war  of  1S1l>  to  IS15,  the  manufacture 
of  <M)t ton  and  woolen  goods  became  an  important  industry  on  Black 
River,  the  Black  liiver  Cotton  an<l  Woolen  Manufa<*turing  Company 
having  been  incorporated  in  ISl.'J  with  a  <*apital  of  J55l(H),(KK).  In  1827 
Levi  JietdKM'  (»rected  the*  Jefferson  Cotton  Mills,  e(iuii)ped  with  1U,(H)() 
spindh^s  and  said  to  have  <M)st  about  *2(M),nO(>,  being  at  that  time  one 
of  the  largest  <'ott<m  mills  in  tin*  State.  This  mill  was  destroyed  by 
fire  in  is:5.'j.  \Vat4»rtown  Cotton  Mills  Company  was  incorporat<?d  in 
18:)4  with  a  capital  of  ^100,000.  This  <'om[)any  ran  />()  l(M»ms,  but  after 
several  years,  th(»  business  b(»coming  unprofitable,  it  was  discontin- 
ued. Tin*  Mamillon  Wooh»n  Mills  Company,  whi<*h  <levelo[)ed  the 
water  x)ower  at  the  lu^ad  of  SewalTs  Island,  was  established  in  1835 
with  a  capital  of  «1(K),(X)().  The  dam  aiid  factory  were  built  in  183G. 
In  1842  tin*  plant  was  purchas<Ml  by  tin*  Bla<*k  River  Woolen  Company, 
which  built  a  new  mill  an<l  carried  on  a  fairly  suc(*essful  business  until 
1841,  when  the  plant  was  burned.  Subs<M|uently  the  business  was 
revived  by  J.(K>mis  it  Co.,  who  (Mnploye<l  about  70  hands  in  the  manu- 
facture of  woolen  goods.  Other  manufacturing  enterprises  of  thisclass 
were  the  Wat<»rtown  Wfxden  Company  an<l  the  Watertown  Woiden 
Manufacturing  Company.  The  cotton  aiul  woolen  manufacturing 
establishments  on  Black  River  an*  now  all  out  of  existence. 

The  machine  shop  of  Nathaniel  Wiley,  established  about  1820,  w^as 
the  first  iron-manufacturing  establishment  at  Watertown.  In  1823 
(Tcorge  (rolding  establi^lu^d  a  machine  shop  on  SewalFs  Island,  making 
mill  gearings,  factor}-  machines,  and  an  oceasioiml  steam  engine. 
This  shoi>  ultimately  led  to  the  founding  of  the  present  Bagley  & 
Sewall  Company,  whicji  is  one  of  tlu*   largest  establishments  pf  its 
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kind  ill  the  northern  part  of  the  State,  employing  atout  I'Jo  hands, 
chiefly  in  the  manufacture  of  papiM-mill  maehinery.  Tlie  Watertown 
Steam  Engine  Company  has  grown  out  of  a  small  ]>usines8  established 
by  Hoard  &  Bradford  in  1851.  Th<*se  works  employ  about  225  men 
and  manufacture  high-speed,  direc't-aeting  engines,  stationary  and 
portable,  and  agricultural  engines  and  boilers  of  all  kinds.  The  New 
York  Air  Brake  Compauy,  which  is  stated  to  Ix^  the  largest  manufac- 
turing industry  at  Watertown,  dates  back  to  18G1.  The  foundry  of 
this  company  uses  water  power  from  the  Black  River. 

A  large  number  of  other  manufacturing  establishments  have  l>een 
established  at  Watertown,  taking  water  power  from  Black  River,  as, 
for  instance,  the  Union  Carriage  and  Gear  Company,  Watertown  Brass 
and  Manufacturing  Comi)any,  Watertown  Thermometer  Company, 
the  Elwoml  Silk  Company,  Harmon  Machine  Company,  and  the  H.  H. 
Babcock  Company,  and  others,  as  may  l>e  determined  by  reference  to 
the  accompanying  table  of  water  jjower  in  use  on  Black  River  in  1S08. 
The  H.  n.  Babcock  Company  is  one  of  the  leading  carriage  nmnu- 
factiiring  industries  of  the  State.  When  working  at  full  capacity 
this  company  employs  about  175  hands. 

BLACK   RIVKR   VILLAGE. 

A  sawmill  was  built  at  this  place  in  180G,  which  was  carried  away 
by  high  water  and  rebuilt  the  next  year.  A  gristmill  was  (^rei^ted  in 
1810  and  another  sawmill  in  1815.  In  18311  David  Dexter  founded 
an  extesnsive  chair  factory.  Other  early  industries  were  Poor's  chair- 
stock  factory  and  Wilcox  coffin  and  casket  works,  which  liave,  how- 
ever, given  way  to  more  recent  enterprises.  Various  other  milling 
industries  have  been  operated  at  this  place  at  various  times.  The 
industries  now  established  at  Black  River  village  are  shown  by  table 
No.  128. 

FELTS    MU^LS. 

Adam  was  constnicted  across  Bhiek  River  at  this  place  in  1821, 
and  in  1822  wimt  is  known  as  the  old  stone  mill,  which  still  stands, 
was  erected.  It  has  not  becMi  operated  for  the  last  ten  years.  Large 
sawmills  were  erected  by  John  Felt  about  1824.  The  Taggart  Paper 
Company,  which  is  now  the  only  industry  using  water  power  at  Felts 
Mills,  erected  its  plant  in  IXHU. 

GREAT    BEND. 

A  dam  was  constructed  across  the  Black  River  at  this  place  in  18i)t) 
and  a  sawmill  built,  which  was  soon  <*arried  away  by  Jiigh  water  but 
•at  once  replaced.  Between  1815  and  1824  the  place  develoi)ed  a 
number  of  milling  enterprises,  which  are  not  six»cifically  <les<'ribed 
in  the  early  history.  The  large  mill  of  the  Taggart  Paper  Company 
is  now  the  only  water-power  industry  at  this  place. 
H.  Doc.  149 53 
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CARTHAtJK. 

At  Carthage  we  have  what  are  known  as  the  long  falls  of  Black 
River,  the  riv(»r  falling  at  this  place  o.")  feet  vertically  in  a  distance  of 
4, GOO  fet^t.  Tlie  first  water-power  (establishment  was  David  Coffeen's 
gristmill,  erected  on  the  west  hank  of  the  river  in  ISOO,  power  therefor 
being  furnished  by  a  wing  dam  extending  diagonally  up  the  stream 
from  the  mill.  A  forge,  operated  by  water  power  was  built  in  1810 
on  the  east  side  of  the  river,  and  Coffeen's  dam  extended  entirely 
across  in  order  to  furnish  power.  A  blast  furnace  taking  power  from 
the  river  was  built  in  1819.     A  nail  factory  was  erected  in  1828. 

In  1830  a  tannery  was  erected  on  what  is  known  as  Tannery  Island. 
A  gristmill  was  built  on  Ouyot's  Island  in  1838.  Since  that  time  there 
have  been  in  operation  on  this  island  a  forge,  a  rolling-mill,  a  grists 
mill,  nail  works,  ax  factory,  broom-handle  works,  furnitiire  factory, 
carding  mill,  and  general  repair  shops.  The  large  rolling  mill  and 
nail  factory  of  Hiram  M(*Collom  was  l)egun  in  1845,  who  also  built  a 
foundry  on  Funiace  Island  in  the  same  year.  The  foundry  is  still  in 
operaticm. 

The  foregoing  brief  account  of  the  early  manufacturing  industries 
of  th(^  lower  Black  River  Valley,  while  only  a  skeleton,  is  still  exten- 
sive enough  to  indicate  how  thoroughly  manufactiiring  has  been  iden- 
tified with  the  development  of  this  valley  from  the  very  beginning. 
It  is  certainly  clearly  shown  that  the  material  pros[R»rity  of  the  region 
has  be(»n  greatly  advanced  by  Black  River  water  i>ower. 

AS  TO   THK    PERMANENCV   OP   BLACK   RIVER  RUN-OFF. 

In  view  of  the  vast  commercial  interests  in  the  pmposed  deep  water- 
ways, provided  they  are  constructed  an<l  operated,  the  <iue8tion  as  to 
permanency  of  Black  River  run-oflfs  l)ecomes  one  of  considerable 
importance.  In  pieceding  (*hapt(Ms  we  have  discUwSsed  the  actually 
observ(Ml  run-offs  of  Hudson  River  for  the  eleven  years  from  1888  to 
181>H,  in(*lusive,  as  well  as  tlu*  observ(Ml  nin-offs  of  Black  River  from 
Marc»h»,  1S1)7,  to  May,  ISlHi.  \Vc  also  give  farther  on  a  table  showing 
the  etVect  upcm  the  proposed  Black  River  res<M-voir  of  taking  there- 
from every  day  in  the  year  i\:?(^)  cubic  fe<'t  of  water  per  second,  as 
compensation  water  to  the  stn^am,  together  with  the  taking  of  what- 
ever may  be  necessary  to  furnish  an  aile([uate  supply  for  summit- 
level  canal.  In  the  chapter  On  the  Met(»orology  of  New  York  and 
the  Relation  of  Precipitation  to  Run-off  it  has  Ix^en  shown  that,  rea- 
soning from  precipitation  data  purely,  it  is  quite  i)ossible  there  may 
occur  a  year  when  the  run-off  will  be  less  than  any  thus  far  observ^ed. 

As  regards  maintaining  the  obsened  run-ofls  of  the  last  eleven 
years,  the  conditions  on  Black  River  are,  on  the  whole,  reassuring. 
For  a  number  of  yt^ars  the  author  has  lx»en  gathering  dat^  as  to  the 
effect  of  forests  in  conserving  stream  flows,  with  the  rt^sult  of  satisfy- 
ing hims(4f  that  it  may  be  tentatively  stated  that  forests  do  conserve 
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and  increase  the  riin-oflT  of  issain<|^  sti'eams  somewhat.  The  reasons 
for  this  conclusion  are  stated  at  length  elsewhere  and  will  not  begone 
into  in  this  place. 

In  1807  the  New  York  State  legislatui-e  passeil  An  act  to  provide 
for  the  acquisition  of  land  in  the  territory  embraced  in  tho  Adirondack 
Park  and  making  an  appropriation  therefor.  Und<»r  the  tenns  of 
this  act  a  forest  preserve;  ]>oard  was  created,  which  has,  diiring  the 
last  two  years,  pur(*hased  large  areas  on  the  head  watei's  of  Hudson 
and  Black  rivers,  etc.  The  limits  of  the  Adironda(*k  Park  were  defined 
by  an  act  passed  in  1803.  Space  will  not  l>e  tak(Mi  to  descril>e  the 
entire  area  included  in  Adirondack  Park  any  further  than  to  state- 
that  the  western  boundary  has  been  made  the  line  between  Herkimer, 
Lewis,  and  Oneida  counties.  The  south  line  is  the  south  line  of  Ham- 
ilton County  extendt*d  westerly  to  where  the  main  Black  lliver  inter- 
sects the  west  line  of  Herkimer  County.  The  area  within  Adirondack 
Park  includes,  therefore,  the  head  waters  of  main  Black  River,  with 
its  two  chief  tributaries,  Moose  and  Beaver  rivers.  It  is  exi)ected 
that  this  entire  area  will  in  time,  so  far  as  the  forests  have  l)een 
removed,  ]x»  reforeste<l  and  hehl  as  a  i)ermanent  Stat(?  resen'e. 

In  order  to  show  the  relative  proportions  of  virgin  forest,  culled 
area  from  whi(»h  the  merchantable  timber  has  been  removed  (which, 
in  the  case  of  the  Adirondack,  is  soft  wood),  the  cleaned  area,  and  the 
water  area  for  a  considerable  extent  of  the  Adirondack  region  several 
of  the  topographical  sheets  of  the  I^nit(Mi  States  (reological  Survey 
have  been  taken  and  the  areas  of  the  different  classes,  as  just  detailed, 
colored  in,  the  data  used  for  this  i)urpose  lx4ng  that  gathered  by  the 
United  Statics  Geologi(^al  Survey  in  the  original  preparation  of  the 
mai)S.  Tlie  following  are  the  figures  derived  from  three  sheets  cov- 
ering area  either  in  or  adjacent  to  the  head  waters  of  Black  River, 
namely.  Old  Forge,  Wilmurt,  and  Canada  lakes  sh<»ets.  The  follow- 
ing tabulation  shows  that  for  th(»se  three  topograi)hical  sheets  the  total 
area  of  virgin  forest  is  1^•^.1U  s<[uare  miles;  of  cuIUmI  area,  iJO.88 
square  miles;  water  area  of  lakes  and  ponds,  17.o(>  square  miles;  the 
total  area  included  in  the  three  maps  is  (iol  s([uare  miles.  The  Rem- 
sen  sheet,  which  covers  an »a  just  in  the  edge  of  the  great  northern 
forest,  shows  Hll.UH  sciuare  miles  of  culled  area  and  13.*].01  of  cleared 
area,  the  total  of  the  she«»t  being  217  stiuanMniles.  Farther  to  the 
north  and  west,  in  the  vicinity  of  Carthage,  AVatertown,  and  in  the 
lower  part  of  the  Black  River  basin,  generally  the  cleare<l  area  is  pro- 
portionately consi<lcrably  larger  than  on  the  Remsen  sheet.  It  is  in 
many  places  substantially  like  the  Schuylerville  and  (Uens  Falls 
sheets  tabulated  farther  on. 
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BLACK   RIVKR. 

ToTKjjrrHphir  nheet.  fon^etl 

-l.  .2t 

Sq.  niili'«. 

OldFortfc  59.W 

Wilmurt 4.75  , 

Canada  lake.s 170. 2l>  ' 

Total  234.91  | 

RemM^n 

Final  total.... 2:W.91 


Culled 
area. 

i3» 

Cleared 
area. 

<4i 

Water 
area. 

v5) 

.SV/.  milvs. 
i:)0.85 
186.23 
47.65 

Sq.  miles. 

14. 25 

24.38 

1.25 

Sq.  mile*. 
11. :» 
1.95 
4.25 

:»8.  T.\ 
83.98 

:».88 
133.01 

17.60 

442. 71 

Ml*.  89 

17.50 

Total  area. 

<6' 


Sq.  niilffS. 
216.44) 
217.;*! 
217.31 

651.(10 
217.  rjo 


I.  (JO 


The  foregoing  four  .sheets  are  all  of  the  topographical  maps  of  the 
State,  either  including  or  in  the  vicinity  of  Hlack  River  catchment 
area,  which  are  available  at  this  date.  We  have,  however,  eight 
sheetij  either  included  in  or  in  the  vicinity  of  tii)per  Hudson  cat<?h- 
ment  area,  as  follows:  Xewcomb,  Bolton,  Paradox  Lake,  Elizal>eth- 
town.  Mount  Marcy,  Schroon  Lake,  and  Thirteenth  Lake  sheets.  The 
statistics  of  these  tables  are  given  in  the  following  tabulation: 


HIDSDN    RIVER. 

Virgin     i     Culled 
forest.           area. 

(2»                  .3i 

(beared 
area. 

Toi)0|irraphic  8heet. 

Water 
area. 

Total  area. 

<l. 

<4i 

Sq.  iuilv». 
24.50 
4;).  55 
:i8.60 
61.50 
65 
6.15 

29.60 

,5» 

.6^ 

Newriomb . .  - « 

S</.  miles. 

.Sm.  inili's. 
186.10 
153 

171.55 
l:i7. 1(1 

U    fMi 

Sq.  milfs. 
4.90 
19.85 
5.  .35 
1.95 
L65 
(V4.5 
6.50 

o 

Sq.milen. 
215. 5 

Bolton 

216. 4 

Paradox  Lake 

Elizabethtown 

14.45" 

118  45 

215.5 
215 
215 
216.4 

Indian  T^ake        

10.4(J             1J«.40 

1.10'          172.10 

.25            184.55 

Schroon  Lake 

215.5 

Thirteenth  Lake    

216.4 

Total 

164.65 

1.207.70 

304.70 

4*.6.> 

1.TK>.7 

Fort  Ann 

117.40 
77.90 
56 
27.55 

96.  (r> 
125.60 
160 
182.65 

749 

i.(«^^70' 

217.3 

North  Creek ' 

2  95 
13.08 

8.22 
8 

:b.25 

80.90~ 

216.4 

Glenn  FallH 

217.3 

Camhridpre     ^ 

218.2 

Schuylerville 1 

218.2 

Total 

311.45 

1,087.4 

Final  total   

'itW.Itt 

1^.15 

2^13Ti 

Tlie  following  are  the  totals  for  the  foregoing  eight  sheets:  Virgin 
forest,  1G4:.65  square  miles;  culled  area,  l,'JO7.70  s(iuai*e  miles;  cleared 
area,  304.70  s<iuare  miles;  wat<*r  area,  4K.(;.5  square  miles;  total  area, 
l,72r>.7  scjuare  miles. 

We  also  have  five  sheets  either  in  or  in  the  vicinity  of  Hudson  River 
catcluuent  area,  namely,  Fort  Ann,  North  Creek,  Glens  Falls,  Cam- 
bridge, and  Schuylerville.  The  totals  for  these  five  sheets  are,  Virgin 
forest,  0;  culled  area,  311.45  square  miles;  cleared  area,  749  square 
miles;  water  area,  32.25  square  miles;  total  area  of  the  five  sheets, 
1,087.4  square  miles.  In  a  i)ortion  of  the  region  covered  by  these 
sheets  the  tendeney  is  for  many  of  th(j  hard,  stony  hill  farms  to  revert 
to  forest  conditions.  We  may  assume,  therefore,  that  throughout 
Adirondack  region  the  forest  area  is  slowly  increasing. 
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As  a  summation  of  this  discussion  it  may  be  (•oncluded,  taking  into 
account  the  erection  by  the  State  of  New  York  of  Adirondack  Park, 
as  well  as  the  tendency  to  abandon  stony  farms,  that,  on  the  whole, 
the  conditions  governing  run-off  of  streams  on  upper  Black  River  are 
slowly  improving.  Deductions,  therefore,  based  on  what  has  hap- 
pened in  the  past,  may  be  expected  to  be  realized  in  the  future. 

THE   ECONOMIC   VALUE   OF  THE   CITY   OF   WATERTOWN   TO    THE   STATE 

OF   NEW   YORK. 

In  the  state  of  New  York  there  are  seven  large  towns,  at  all  of 
which  the  original  basis  of  the  development  was  water  power,  namely, 
Lockport,  Rochester,  Oswego,  Watertown,  Little  Falls,  Glens  Falls, 
and  Coh(X?s.  The  recent  development  of  the  city  of  Niagara  Falls  is 
also  due  jiurely  to  the  water  power  of  Niagara  River,  but  this  w^as  not 
the  original  basis  of  growtli.  The  attraction  of  the  falls  as  a  great 
natural  curiosity  gave  this  place  its  original  impulse.  There  are  also 
a  numlx»r  of  smaller  places  in  the  State  where  water  power  has  devel- 
oped towns,  but  the  foregoing  are  the  larger  ones.  Moreover,  so 
strong  has  been  the  impulse  of  the  water  i)ower  that  several  of  these 
towns  have  developed  at  locations  where  there  were  serious  adverse 
conditions.  Thus  at  Lockport  there  is  no  water  supply  within  rea- 
sonable distance.  Even  in  1891>,  aside  from  the  original  wells  of  the 
town,  the  water  supply  is  still  taken  from  Erie  Canal,  which  receives 
the  sewage  of  over  ♦]0,(MK)  people  at  Buffalo.  Lockport  is  an  esx)ecially 
interesting  case,  l)e(*ause  the  original  water  power  at  that  place  was 
artificially  created  by  the  constriiction  of  Erie  Canal. ^ 

At  Rochester  the  conditions  were  also  somewhat  forbidding.  An 
extensive  black-ash  swamp  occupicMl  the  area  now  covennl  by  the 
original  first,  second,  and  third  wards  of  that  <»ity  and  which  is  now 
largely  the  business  part  of  the  town. 

Because  of  its  location  on  Lake  Ontario,  and  at  the  mouth  of  Oswego 
River,  Oswego  may  be  possibly  considered  a  natural  town  site, 
although  considerable  amounts  have  been  expended  to  construct  a 
harbor  there,  while  not  very  far  away  the  fine  harbors  of  So<ius  bays 
are  still  practically  unutilized.  By  w^ay  of  comparing  the  Sodus  bays 
harboi*s  with  Oswego,  we  may  refer  to  the  Annual  Report  of  the  Chief 
of  Engineers  for  the  fiscal  year  ending  June  30,  1808,  from  which  it 
appeal's  that  the  total  amount  exi)ended  for  harbor  at  Great  Sodus 
Bay  from  May  2:5,  }H-2S,  to  June  :5,  18<)G,  inclusive,  is  *475,040.80;  at 
Little  Sodus  Bay  from  August  20,  1852,  to  June  3,  1890,  total  amount 
expended  is  15332,1)41.77;  and  at  Oswego  from  March  20,  1820,  to  June 
3,  18%,  the  total  amount  expended  is  81,902,012.87.  Had  it  not  l)een 
for  the  water  i>owerat  ()sw(»go  it  is  <]uit(»  possible  that  the  chief  town 


*  For  brief  acconnt  of  development  of  water  power  at  Lockport  see  Water  Supply 
and  Irrijzation  Paper.  No.  2"),  of  the  I'liited  States  Geolo-ciral  Survey— Water 
Resources  of  State  of  New  York,  Part  II.  pp.  79-S2.    By  George  W.  Rafter. 
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of  tlie  east  <*nd  of  Lake  Ontario  inijjfht  have  been  located  at  some 
place  other  than  the  nioulli  of  the  Oswt^go  River,  although  in  consid- 
ering these  figures  as  to  cost  of  harbor  we  may  prox)erly  take  into 
account  that  Oswego  has  IxH^ome  a  large  town,  while  there  are  still 
only  very  small  towns  on  Sod  us  bays. 

At  Wat^rtown  the  conditions  for  building  a  cit}-  may  be  considered 
fairly  favorable,  and  the  advantage  of  Hla<*k  River  water  power  has 
been  accentuated  by  the  a<lmirable  site. 

At  Little  Falls  rocky  ledges  of  a  narrow  river  gorge  have  operated 
to  make  the  cost  of  building  a  town  expensive,  and  the  location  of  the 
-water  power  at  that  point  has  been  the  governing  condition. 

Cohoes  would  not  Ik>  S(»lect«»d  as  the  site  of  a  city  aside  from  the 
location  of  extensive  water  power  there. 

(ileus  Falls  may  be  considered  a  good  site,  and  small  towns  like 
the  neighboring  villages  of  Fort  Edward  an<l  Sandy  Hill  would  prob- 
ably in  any  event  have  grown  up  at  this  point. 

(rencrally  we  may  say  that  liad  it  not  been  for  the  water  power 
these  seven  chief  manufacturing  towns  of  New  York  would  either 
never  have  come  into  existence,  or  at  any  rate  wouhl  not  have  devel- 
oped to  any  such  <»xtent  as  we  now  find  them.  In  taking  this  view, 
however,  it  is  not  overlooked  that  with  the  towns  once  started 
other  (*auscs  have  contribute<l  in  some  cases  ve^y  materially  to  their 
advancement.  What  may  be  fairly  assumed  is  that  the  water  power 
was  not  only  I  lie  det<'rniining  caust*  for  the  location  of  all  these 
towns,  but  that  tlu\v  have  grown  mucli  larger  on  account  of  |>ossess- 
ing  the  water  power  tlian  th(\v  would  otherwise  have  grown.  It  is 
also  assumed  that  some  of  tln^  locations  are  so  unsatisfactory  as 
to  have  pnntMited  the  growtli  of  any  town  excei)t  thei*e  were  some 
strong,  predetermining  cause  like  the  i)ossession  of  water  power.  It 
appears  proper  thc^reforc^  to  <»xamine,  in  the  [present  conne(*tion,  as 
to  the  economic  value  of  tlie  water  powers  of  Hlack  River  Valley  to 
the  State  of  New  York. 
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Tablk  N<).  127. — FA'ouomic  i^tatintivH  <tf  t}ie  t'itij  tif  Watortowu,  N,  Y, 
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\m\ 1 

:3,2:37 

S.  010.  Oil 

.0021 

0,191.02   10.5:34.40    10.725.48 

202.  4:j|     Itl.  44K3. 05 

23  :3.':3  15 

1894 

3.2:37 

8.201,4,52 

.0(^7, 

0.078.89!     8.24<».9.)    14.:319.K') 

210.  :34!    14. 10:3.  .51 

18.87:3.08 

1895 

:3.2:37 

8,481.12:3 

.(KBO 

0.197.<i!i|  1.5.544.:31   21.741.40 

312.0:3     21.428.77 

27,U-^3.:34 

1«I6 

3.2:37 

8.810.021) 

.<i0^3 

O..HIO.5:    13,448.81    20.2l».'>.:j}< 

279.  :30     19,9NV(»8 

2:3.810.75 

1897 

3.2:37 

9.287.43H 

.O0.il 

0.452.72    1:3.117  rt3   19.r.«»).75 

2:0.44     19.29!».31 

21.084.  :i 

1898 

3.2:t7 

9.;i79,012 

.01)17 

O.0llfi..')0    ln.:)fhl.49    l(;,9ll.i«9 

229.  .'iO     10.0-*2.49 

17.(iKJ.44 

Total.-, 

""'"^ 



145. 024. ««» :320. 7<)0.  \i\  472, :P)0. 10 

9.918.  41 1  4«i2.411.75 

1.4:3:,.  19:3. :» 

III  order  to  mak(»  siicli  sliowiii^  wc  may  consider  llie  statistics  of  the 
city  of  Wat(Mtown,  as  ^iv(»ii  by  Table  No.  1l*7,  showing  the  ainouiit 
raised  for  State  tax  since  ls<;«j^  in  which  y(»ar  Waterto\^n  became  a 
city,  to  18iKS,  inclusive.  In  tliis  table  column  (1)  shows  \\w  years  in 
sequence;  column  (i\)  tlie  area  wlii<*h  lias  remain(Ml  fixed  durinjj^  the 
whole  i)eriod  at  .'5,2:{7  acres;  column  ('J)  the  assessed  valuation  each 
year;  column  (4)  the  rate  on  the  dollar  of  tlie  State  tax;  columns  (o), 
(0),  and  (7)  the  State  taxes  for  eacli  year;  column  (s)  the  total  State 
tax  on  an  e<iual  area  of  fanning  lan<l  in  the  adjoining  township  of 
AVatertown;  column  (i>)  the  annual  net  profit  to  tlie  State  on  account 
of  the  city  of  Watertown,  tliat  is  to  say,  tlie  dilTerence  of  columns  (7) 
and  (s);  an<l  column  (lo)  the  i)resent  value  (amount)  of  tin*  annual 
net  profit,  l)eing  tht»  total  incn^ase  in  wealth  in  the  State  by  n^ason  of 
the  v'alues  cnsited  at  Watertown.  The  rate  of  <»  per  cent  lias  been 
used  in  com[)uting  column  (In).  U<*ferring  to  the  footings  of  Table 
No.  1:27,  it  appears  that  the  total  State*  tax  from  ISO*.)  to  1S!)S,  inclu- 
sive, has  been  «^4rL\:>:>«>.  h),  and  tiial  the  total  Stato  tax  <»n  an  equal 
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area  in  llio  }i<l.joiniii*jC  townsliip  of  Watertown  has  l>een,  for  the  same 
period,  $1»,01S.41.  A  (M)iiii)arison  of  these  two  columns  shows  forcibly 
the  economic  value  to  the  State  of  municipal  developments.  The 
footing  of  column  (l»),  Avhich  is  the  difference  of  columns  (7)  and  (8), 
is  *4f)i?,411.75.  The  total  i)resent  value  (amount)  is  81,435,103.38. 
Tliese  figures,  it  will  l>e  remembered,  represent  merely  State  taxation; 
they  do  not  represent  the  increment  to  the  county,  the  municipality 
itself,  or  to  the  ])rivat4»  wealth  of  citizens. 

Inasmuch  as  Lock  port  is  a  town  of  about  the  same  size  as  Water- 
town,  it  is  of  interest  to  compare  the  statistics  of  the  two  places. 
Lockport  wa.s  nmde  a  city  in  1SG5,  and  the  statistics  have  been  brought 
up  to  and  in<'luding  the  year  1S1M>.  The  assessed  valuation  in  18t)5 
was  §'2,l)iM),130,  while  the  assessed  valuation  of  AVatertown  in  I860  was 
$3,171, 7(>i\  Theassessed  valuation  of  Lockpoili  in  1806  was  456,785,100, 
and  of  Watertown  in  1S08,  $0,350,612.  The  total  State  tax  at  Lock- 
port  from  1865  to  1806,  inclusive,  was  *511,861.50;  the  total  State  tax 
on  an  (equivalent  area  of  farming  land  in  the  adjoining  township  of 
Lockport  was  *17, 602.88;  the  total  annual  net  profit  to  the  State  on 
account  of  the  city  of  Lockport  for  the  whole  period  from  1865  to  1806, 
inclusive,  was  *«404,160. 16,  and  the  presi^nt  value  (amount)  is  found 
to  be  *1,584,7(»5.17. 

According  to  Table  No.  12S,  Water  power  in  usi*  on  Black  River 
in  1808,  it  app(»ars  that  the  total  water  power  now  actually  in  use  at 
Watertown,  including  the  Remington  Paper  Company's  mill,  just 
below  the  (*ity,  is  as  follows: 

Net  horsepower. 

ReiniDgton  Paper  Company 2, 4i>6 

Taggart*8  dam     1.221 

Lower  level  of  Beebee's  Island 1, 022 

Upper  level  of  Beebee's  Island _ 2, 356 

Lower  dam,  Sewall's  Island  2, 0^39 

Upper  dam,  Se wall's  Island 2,992 

Davidson  Marble  Company ."* 172 

Watertown  Waterworks 1,625 

Total 14,523 

Without  taking  up  the  several  Blaek  River  manufacturing  towns 
in  detail,  we  nuiy  still  refer  briefly  to  Carthage,  where  the  net  wat^r 
power  in  use,  as  ])er  Table  No.  128,  in  1800,  is  as  follows: 

Net  horsepower. 

Jefferson  Power  Company 3, 474 

DamNo.i:  ..    ..     \ 1,734 

Milllslanddam 821 

State  dam»  Carthage l.OSi 

Total ...  7,117 

These  two  cases  illustrate  the  broad  economie  proposition  involved 
in  material  interference  with  Black  River  water  power. 
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WATER   POWER   OX  RLACK   RIVER  IK   1898. 

Diversion  of  water  from  Black  River  at  Carthage  will  affeet  users 
of  water  i>ower  from  that  point  to  the  mouth  of  stream,  including 
manufacturing  establishments  at  Cartilage,  Great  liend.  Felts  Mills, 
Black  River,  Watertown,  Brownville,  and  Dexter,  and  ])owers  along 
the  stream  at  intervening  points.  Water-j)ower  interests  at  Lyons 
Falls,  on  Black  River,  and  at  Beaver  Falls,  on  l^eaver  River,  will  also 
l>e  injured  by  backwater  due  to  raising  the  level  of  the  water  surface 
in  the  proposed  storage  reservoir. 

Table  No.  128  shows  the  general  facts  as  to  water  jx) we r  actually  in 
use  at  the  ])laces  indicated  at  the  time  the  canvass  was  made,  during 
the  months  of  September  and  Octol)er,  1898.  Referring  to  the  table, 
the  dams  are  numl>ered  consecutively,  beginning  with  the  lowest  on 
Black  River,  at  Dexter.  The  mills  are  numbered  in  the  onler  of  their 
location  on  the  flumes  or  power  canals,  beginning  with  the  one  far- 
thest l)elow  the  dam.  In  cases  whe«»  there  are  power  takings  at  both 
ends  of  a  dam  those  on  the  right  bank  of  the  str<»am  are  usually 
given  tii*st. 

Below  are  given  the  names  of  the  owners  of  properties  for  ca«es 
where  the  name  of  the  owner  differs  from  that  of  the  mill  itself  or 
of  the  i)res(»nt  ocrupant.  The  mills  are  refern^l  to  by  their  serial 
numbei-s: 

(2)  St.  Lawrenc(»  Paper  Mill,  Dexter.  Owned  by  D.  B.  Ootham, 
Brownville. 

(12)  Brownville  Paper  Company,  North  Side  Mill,  lirownville. 
Owned  by  the  Siouski  Paper  Company. 

(23)  Excelsior  Roller  Mills,  Watertown.  A.  11.  IleiTick  &  Son  C'o., 
owners  and  proprietoi*s. 

(29)  Union  Mills,  Watertown.  J.  A.  Graves  &  Co.,  f)wnei*s  and 
proprietors. 

(32)  Kamargo  Mills,  Watertown.  Knowlton  lirothers,  ownei-s  and 
proprietors. 

(35)  Building  and  power  used  by  Johnston,  Joyce  &  Co.  an<l  by 
S.  B.  Bartlett,  Watertown.  Owned  by  Watertown  P'le<»tri<*  Light 
Company. 

(38)  Watertown  Screen  Plate  Works.  McCarll  it  Stress,  proprie- 
tors.    Building  and  power  owne<l  by  Knowlton  Brothers,  Watertown. 

(01)  Building  and  power  used  by  Dexter  Chair  and  Novelty  Com- 
pany are  owned  by  the  Jeffei*son  Paper  Company,  Black  River. 

(02)  Building  an<l  power  us(h1  by  l^lack  River  Machine  Shop  are 
owned  by  the  Jefferson  Pai)er  Company,  l^lack  River. 

(70)  Building  and  power  of  Spicer  &  Skinner's  cigar-])ox  facti)ry 
are  owned  by  J.  V.  (Tuyot,  Carthage. 

(79)  lUiilding  an<l  power  of  Carthage  Tissue  Paper  Company  box 
factory  are  owne<l  by  E.  Waters,  Carthage, 
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(80)  Building  and  i)<)\v(»r  of  tlu*  Carthago  Tissiio  Pai)er  Company 
cutting  and  winding  department  are  owned  by  the  Julia  A.  Rugg 
estate,  Carthage. 

Column  (o)  of  the  table  gives  tlie  ordinary  working  head  on  the 
wheels  in  feet.  Power  users  generally  stated  tliat  tlie  head  on  their 
wheels  varied  from  1  to  .'}  feet,  aeeording  to  the  height-  of  the  water 
on  crest  of  dam  and  in  tailraee.  In  all  <»ases  the  average  working 
head,  as  statcMl  ])y  the  users,  has  been  given  in  the  tables. 

QUANTITY  OF  WATER  USKD  FOR  PoWKR  PURPOSES  IN  CUBIC  FEET  PER  SECOND 
AND  TOTAL  POWKR  DEVELOPED. 

Columns  (♦))  ainl  (7)  give  th«»  amount  of  water  used  by  the  water 
wheels  in  cubic  feet  per  second  and  the  net  or  effective  horsei>ower 
develope<l  wlu»n  running  at  the  head  and  width  of  ojHMiing  of  the 
speed  gates  stated  by  tlie  power  user.  Th(»  power  and  discharge  are 
a«  per  rating  given  by  tlu^  manufacturer  of  the  wheel  where  this 
could  be  obtained.  In  cases  wli(»re  wheels  are  operatcnl  at  part  gate 
they  have  Ikm^ii  rated  at  tin*  same  proportion  of  power  and  dis- 
charge at  full  gat(»  that  the  state<l  average  gate  oi)ening  liears  to  the 
full  opening  of  the  speed  gat'<\  Wheels  that  run  at  varying  widths 
of  gate  opening  are  rated  by  tlu»  above  method  at  tlu»  mean  of  the 
stated  limits  of  gat(»  opening.  Most  such  r'ases  are  included  in  the 
following: 

Wheels  stated  to  run  at  — 
From  2/:>  to  full  gate  are  rated  at    5/0 


Of  the  tabled  power  and  discharge  at  fall 
gate  and  under  the  same  working  head. 


From  1/2  to  full  gate  are  rated  at    '^/X 
From  3/4  to  full  gate  are  rated  at    7/8 
From  1/0  to  2/:5  gate  are  rated  at    7/12 
From  3/4  to  7/8  gate  are  rated  at  13/16 

This  method  of  rating  wheels  that  run  at  part  gate  probably  gives 
the  power  and  discharge  sonu^what  too  small,  inasmuch  as  many 
whe^Ms  an^  found  by  test  to  yield  about  three-fourtlis  of  their  full 
power  and  discharg(»  when  running  with  the  speed  gates  shutdown 
to  one-half  of  the  full  width  of  o[)ening.  On  the  other  han<l,  the 
manufacturer's  ratings  an?  for  whe(4s  properly  s(»t  and  in  good  condi- 
tion when  running  at  the  speed  of  gn»at(»st  (»t^ciency  and  can  not 
apply  with  ni(M'ty  to  wheels  as  found  in  practice^  often  old,  worn, 
overloaded,  or  oth(?rwise  out  of  repair. 

Th<»r<'  are  a  total  of  '-V-W  wattM*  whe<Ms  in  use  at  tin*  mills  included  in 
the  table.      Of  these— 

223  run  at  full  gate. 

108  run  otherwise  than  at  full  gate. 

4  run  at  over  three-ciuarters  gate  but  less  than  full  gate. 

38  run  at  over  one-iialf  gato  but  not  o\er  thvefr'-quarters  gate. 

22  run  at  over  one-ciuarter  gate  but  not  over  one-half  gate, 

4  run  at  one-quarter  gate  or  less. 

12  are  closed  altogether. 

2H  run  at  greatly  varying  widths  of  gat»^  from  fractional  to  full. 
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The  i)erceiitHjc<*  of  llie  Iheoretical  elTieiciicy  on  which  the  rated  power 
is  based,  as  i>er  the  manufacturer's  tables,  is  as  follows  for  sonu?  of 
the  water  wheels  in  most  common  use: 


Kind  of  wbeeL 


Name  of  iiiauufacturer. 


I>ffel  Double 

Wait's     (.'hampion 

••  Bloominfrdale  "       or 

*' Carthage." 
Little  (^iant . 


Victor  Rcjif inter  Oato 

Camden  V  ertical ' 

Leffel  Standard 

Crfxjker 

Curtis  Regular ] 

Ri8don I 

Hunt  Standard 

No.  1  and  No.  2  Success. 

Hercules 

New  American 

High  Duty 

Victor  Cylinder  (late .. 
Curtis  Register  (late  .. 
Trump  Model 


Rol)ert  Poole  A:  Sons*,  Baltimore,  Md 

McCarthy  &  Doromus  Manufacturing  Co.,  Saudy  Hill, 

N.  Y.:  alsomadt*  from  some  patterns  oyRyther  &  Prin- 

gle,  Carthage,  N.  Y. 

\\illiam  Dolan  &  Co..  Logansport,  Ind 

Still well-Bierce  &  Smith- v'aile  Co.,  Dayton,  Ohio 

Camdeu  Watt^r  Wheel  Works.  Camden,  N.  Y 

James  LelTel  &  Co.,  Springfleld,  Ohio , 

E.D.Jones  &  Sons,  Pittsfield,  Ma.SM 

Cfntes  (.-urtis,  Ogdensburg,  N.  Y 

T.H.Risdou&Co.,  Mount  Holly,  N.  J 

Rodney  Hunt  Machine  Co.,  Orange,  Mass 

B.Morgan  Smith,  York.  Pa 

Holyoke  Machine  CV>.,  Holyoke.  Ma«8 

Dayton  Globe  Iron  Works,  Dayton,  Ohio 

T.  C.  Alcott  &  Son,  Mount  Holly.  X.J 

Stillwell-Bierce  &  Smith  Vaile  C^.,  Dayton,  Ohio 

Gates  Curtis,  Ogdensburg,  N.  Y 

Trump  Manufacturing  Co.,  Springfield,  Ohio — 


Tabled  ef. 
.   flciency. 

88.0 


87.5 
85.0 
83.6 
8:^.5 
8:J.3 
fcj.O 
8J.8 
8-J.  0 
80  0 
80.0 
80.0 
81 KO 

?.».: 

70.8 
78.7 


Auxiliary  steam  power  is  in  use  in  thirteen  establishments,  as  shown 
in  column  (S)  of  Tabh»  No.  128.  The  ag^re^ate  steam  power  in  use  is 
1,482  liorsepower  and  this  is  entirely  con1ine<l  to  paper  mills,  where  it 
is  chielly  used  to  drive  pai>cr  machines.  There  is  very  little  steam 
power  in  res(»rve  for  use  in  cin(M'gen<'y  or  low  water. 

ASSVMKI)    VALIATION    OK   THK    I'KOPKRTIES. 

Under  the  heading  of  valuation  of  i)roperty,  as  given  in  column  (10) 
of  the  table,  it  is  inte!ide<l  to  include: 

(1)  The  value  of  tlie  water  privilege,  or  right  to  use  water  for  puv- 
l)oses  of  power. 

(2)  The  site,  land  or  grouncls  belonging  to  the  mill  property. 

(;J)  The  buildings,  including  dams,  race  ways,  and  other  structures. 

(4)  Macliinery,  including  water  wh<Mds. 

In  many  cases  it  was  necessary  to  explain  to  pov.er  usei*s,  in  detail, 
just  what  was  wanted.  Tin*  valuations  givcMi  do  not  in  g(»neral 
include  raw  materials,  stock  ou  hand,  capital  not  din^ctly  invested, 
nor  tlu»  *' value  of  th<»  business"  or  '*good  will  of  the  tirm''  as  com- 
monly understood. 

In  the  following  cases,  where  the  valuations  (rould  not  be  obtained 
dir<»ctlv,  th<?  valuations  liave  been  (»stimat(»d  as  given  below: 


Serial 
No. 


XllIllO  nf  I'NtabliKhuUMJt. 


Dextt-T  Sulphitt*  Pulp  ami  Pjip»T  Co.,  l)<*xt»'r 

St.  LawroiKMJ  P;ip<*r  Mill,  Df.xtcr  

New  York  Air  Brako  Co.,  W^jitHrt«»wu  unain  plant  i 

Building  o\vu<'<l  by  Watcrtowii  Klu<'tric  Light  Co 

Watertown  Scn.*eu  Plat*' Works . 

New  Y«)rk  Lv«'oratini?  ami  Veiieorin^r  Co.,  Watertown  . 

Watertown  Waterworks  PunipiiiK  Station       

Jefferson  Paper  Co.,  Bhu'k  Kiv«T 

.TelTers<»u  Power  Co.,  (Jreat  Beii<l 

M.  P.  Mason.  <'arthape 

American  Kle<'tri«' Li:rht  Cn.  ("artliatre     

A.  E.  Ma.Kwell  Pulp  Mill.  Cart liau'r     


E.stiniated 

valuHtiou 

i>f  prop- 

.Tty. 

$SO.UN) 

Ul.iNJO 

S.'KHJ 
7.'..  (in) 

i:mi.(hx) 

1.11,11110 
14.(NIU 
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Tlio  folio  win*;:  tal>le  shows  the  inventt)ry  v^aluation  of  the  proi^erties 
in  cases  where  this  lias  been  given: 


Serial' 
No.    . 


19 
28 
38 
44 
47 
»5 


Name  of  establiHhnieut. 


Union  Carria^  and  Gear  Co  .. 

Excolsior  Floor  MIUh , 

Zimmerman  &  Hardiman , 

Watertown  Spring  Wagon  Co, 

Excebdor  Carriage  Co 

Myer  &  Farrar,  Carthage 


'    Real  es- 
tate build- 
ingH  and 
1      water 
I     ritfhts. 


Machin 
ery. 


1^,0111) 

|U,(ft(4 

17,  (W) 

$83,000 

ion.  an) 

40.(100 
12.0(X) 

40,000 
10.000 
0.000 

60.000 

I  I 

'  Raw  ma* 
I  terial  and       Total 
,  »U)ck  on     valuation, 
hand. 


1154.084 

44.000 

10,000 

200.000 

100,000 

18,000 


Tho  cost,  (complete,  of  the  following  plants  was  stated  as  below: 


Serial 
No. 


Nanio  of  entahliHhment. 


SUt«d 
cost,  com- 
plete. 


Remarks. 


12     Browuville  Pai>er  Co  ... 
14     International  Paper  Co  . 


81  I  George  A.  Trance 

61  Dexter  Chair  and  Novelty  Co.. 
60  I  We8t  End  Pulp  and  Casket  Co  . 
74  I  Carthago  Waterworks 


M  ■  Carthage  Siilphito  Co. 


( 


S67.00i>     Purchase    pri<^    and    improvements 

North  Side  Mill. 
400.  (NN)  I  Price  fiaid  to  have  been  paid  by  present 

I      owner. 
25.000  ,  Original  cost,  complete, 
ft,  000    Prii*e  imid  by  present  owner. 
250. 0(N)    Co.Ht,  including  mill  now  beins:  erected. 
55.1NIO    Pumping  station  and  distributing  sys- 
tem. 
85,000  i  C<^t  of  buildings  and  machinery. 
KM).  000     Total  valuation,  including  real  estate. 


The  following  notes  relate  to  the  valuations  of  other  water-power 
properties  that  may  be  refernnl  to  in  the  tabic  by  their  serial  nunil)ers: 

(U)  C.  K.  Codman,  Urownville.  The  assessor's  valuation  is  given; 
in  this  case  Inking  92,5(X). 

(20)  The  New  York  Air  Brake  Company  state  the  total  valuation 
of  their  property  at  *5,(mhj,(MK).  This  includes  stock,  patents,  surplus 
capital,  and  value  of  the  business.  The  author  has  estimate<l  value 
of  plant  and  machinery  at  8l*'J5,(X.>0,  not  including  new  foundry 
erect:ed  in  ISOS,  costing  §1.5,(K)0,  and  which  is  included  in  serial  No. 
30  of  the  table. 

(30)  J.  1>.  Wise,  owner  of  building  and  power  of  the  industrial 
plant,  (estimates  value  of  his  property  in  the  plant  at  $1l*0,0(K). 

The  industrial  plant  includes  Foster  &  Begg^  furniture  factory; 
Whit4»  ife  Sullivan,  sash,  doors,  and  blinds;  Ryther  Manufacturing 
Company,  batting  i)resses;  J.  i>.  Wise,  light  hardware. 

(37)  Watertown  P'hMnric  Light  Works: 
Value  of  central  station,  including  site,  water  power,  machinery,  and 

I  ullding,  stated  at  -    190,000 

Street  eciuipnient  stated  at 30. 000 

Total  valuation  stated  at 120,000 

(40)  iiagley  &  Sewall  Company: 

Capital...- $100,000 

Capital  8nri)lus  .. 185,000 

Total  valuation 285,000 
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This  is  staled  to  bo  practically  all  invested  in  madiinery,  buildings, 
and  the  real  estate  of  the  ])lant. 

(55)  Watertown  Waterworks  pumping  station.  Site  with  water 
I)Ower  undev^eloped  cost  ?«2,(M)0,  includinj?  i*0  acres  of  land.  Baker's 
Manual  of  American  Waterworks  states  original  cost  of  entire  system, 
including  dams,  pumping  station,  and  distributing  system,  to  have 
been  1^383,000.  New  centrifugal  inimps  have  since  been  put  in.  The 
author  has  estimated  value  of  station  alone,  with  developed  water 
power,  at  $75,CKX),  including  land,  as  stated  in  the  foregoing.^ 

'  The  total  power  of  this  pumping  station  is  stated  at  1,025  hor8ex>ower.  Prob- 
ably not  more  than  300  to  400  horsepower  is  ordinarily  used* 


846 


DEEP   WATERWAYS. 


1 


1  +  , 

In 


.^  I 


"^4 "u^^dJ'' 


I 


I 

ft; 

o 

c 

c 
05 


i, 


I 


H 


1     s  VI  ;:  "'  **»3 


T 


-pojrl  pnnuTi  arji  ju  "iit*\     "T  j    ti        ^ 


til  ^T^^'^W-*^  J^JHod  t*)(?X      - 


^^t 


Wr     1^     ua 

2  -^  li  ??  ^ 


Sj~tT"  ^'"Vl  ■*■ 


1^      ?i        :     ,^     r^ 


M    rl    I    g^lS 


^  PI,        2         m         2^        te  ^H 

5         5     5     S     S     55e 

X      ^'   =    S    S-   «t:-| 


s    i  £  S  -  sfi 

"0 


§     § 

?    2 


S       "^       K  ~lO  "    («" 

y  I*  L3  s  y 

I 


i^    a    s    i    s gS    si 

S  5  ?  §g     r 
:z;  21  ^  ^a^      ! 


31 


■151)  [tac  icfii  tjutitti[Oi>  jad 
KV  paMti  ^*i|«.^  JO  jaaod  l^x 

poffa  ,t9itiiiL  JO  j0Mod  aeou0 


t^  vi  i^  irl  iL*?^ 


H   n  n  u  ''^  'Si 


'Jfninarto 
v[d€K|lJfr  jt>)«  A  |o  j.^  .Hf  idasuo  H 

'pTIQ.ItHM  JiOcI 


j_  

g     ^  a  ?i  s  sgij 


1  i  r 

g   s   •'"  S   S" 


M  <»  I  ^ 


□     c 

o      c       _       _       _ 

^    Sk;    ^    ^    ^ 


i  i 


S  5  ^5  fs  I 


g  g  i  s  §  g 


<        I 


1^ 


•iit.r5|||-|l 


^^i 


«  «  i  Ib 


3~r"g  3 


■  s     rt     *i     ffl     *j 


^      =       ^        IB  **  (c  »^ 


SB 


^;^ 


S;   ^   ^   I   "r 


^&::ac 


LS:^g:£3 


5:    fl3    hS    ?i    hX  :fc. 


^ 

t 

£     : 

i     = 

d 

"3 

ti, 

-    1 

a 

1 

1 

1^^ 

^6£»M 

0  *  'J 

1  ^ 

mm  JO  'rt>i 


*»  a  a  9  a 


jr)  maooi  toicuj  tOVp  JO  *[i|{  I    ^  I 


«    Qt    «    «    e*^ 


DEJEJt*   WATEKWAYS. 


847 


«£^- 


^     ^ 


5      ,2 


R  ;3 


■i::: 


^    -y    '!:: 


§  g 


5   1  = 


S   '4      i    1 3 


I   ^ 


II 


a 
5?. 


t:       i 


I'    I! 


2      .^.     il" 


=         5  ^ 

s'    5    ^' 


Si    I  "I  ?  - 


1=    .!  = 
|?l     :'S 


-?1    « 


a 
o 
?5 


i 

1 

5 

_ 

H 

s 

« 

■^ 

s 

g 

•^ 

o' 

11 

i 

© 

l'  ®~ 

i* 

t 

X 

1; 

« 

V     a> 

«  a. 

» 

6 

c 

a 

a 

1  a     a 

a  a 

a 

c 

0 

C 

3 

,    0      o 

0  c 

0 

55 

5^. 

>r 

y. 

1^. 

y* 

/^ 

15^5     '^ 

y.'!^ 

>5 

'A 

|i 

II        "^ 

3 

•1 

3 

i 

% 

.^ 

'x 

1?  ?j 

-S 

2! 

g 

?f 

i! 

J? 

^^ 

Jz; 

1 

c 

« 

s 

:'l 

5 

X 

j2 

V. 

fi 

s 

,1  = 

-r: 

a4 

1 

« 

1 

■•'i 

i 

■^ 

g 

u 

5 

ft 

u  ^ 

^? 

Tt 

s 

it 

>^ 

S5 

l*» 


i?'?     ri" 


I  *     .'-- 


,^  :^ 


o 


'il 


F3    ?i       S 


•3     : 

a       ! 
at 

^     : 
a 

'-is 
r^aC 


I, 


I  I 


a-3     t 

^li  1 


'^  i    is 


a 


r 


M- fit   it     » 

X  S  t  it**,' 

f^  :a  -i  -c^  ii  -' 


4:  »« 


tf  *-  w 


5     «     ct     2    .t: 

♦i      JS      •3'"      J2       C 

P    5     ;fc   1    5 


3^  a 


k 


I-  k 

<3.f 


s    =      n 


i 


4^ 


:<;    7. 


a  k 

il 

1-  c 


h     i     « u     i    i< 

I  I  f^  I     . 

«M    t,  c*        as 


SS-r^  I  ^CQ  3i  aaC 


i^* 

-5 

5l 

^ 

3    -S"^ 

ao'PQi- 

UJ^.     3 

S\Sk     s: 


i-«-    I- 


848 


DEEP   WATEBWAIS. 


0 

•43 
§ 

I 


I 

I 


OQ 


I 

6 


jo;  9«n  nj  jo.wodaruoq  iw;<»x  !  C 


« 

I- 

5 

-f 

.;? 

ifi 

:     i  : 

o 

fe  : 

«^ 

d 

91 

- 

^ 

CI 

s« 

I-' 

:     :  : 

^ 

«  : 

ec' 

•|mXoi<I  5 

-ma  8pii«i{  ;o  .i^K(niuu  iwtjoj.     :r 


^ 


•j.mpoati  ^ 
|Buaav  JO  oniHA  o)  jCiJa  Z!| 
-(load  je  iiopimiVA  joopvH  I  ^ 


=    5?    ?? 


I  aSU  III  .;0MOd  IH^Ol        I    ^   ;      j^       j^  _ 

JO  aaMod.*saoq   qovd  Jdd      ■  ^       33     S    r     ^ 


s    s 


•Itojd  i«nunv  aq^  jo  enx«jy^     T  i    \Z 

I  4A 


5 

S5 


«       -« 


o 

525 

So 


C3      SS 


•(8)  uuxnioj  jdd 
jdModa&ioq  aad  non«ni«A 


•All  JO 

-dojd  jouopvniVA  p«)inn8«v 


!   ?i    *    S 


5"   § 

"S    5' 


M  s 


jrii    ii  11 


81 


ii{  KaufJSna  jo  joi^odetao^ 


0,        0, 

§  § 


c  a 
o  o 
585    5?5 


•;uao  J9d  Si      . 
fqaeqiiiad^v^  joXDtK>p(go      |  ^  • 
*(«)  pan  (O)  samuioo  jod      '  Ir.  i 


g        tre  paJBn  ja^BAv  jo  jaMod  :;ax    ! ^ 


r" 

i^" 

■^ 

-! 

5? 

:'l 

&  9 

Ii 

"* 

n 

n 

;!* 

2 

s"^. 

Xoaepga  [Bo^aaoaq;  %v  - 
(p)  pau  (g)  Koranio,)  aatl  w  »* 
paen  ja^vM  jo  jaiuioil  ssojf)     ^ 


I  -jtamado 

a)«Jl  pa«  p«aq  pd)«)tf  )« 
siaaqiii  ja^VM  jo  ji^ModafUOH 

I  pmtoas  jad 

'^99}  ;>uin;>  iij  'pesn  jaiBM 


■jaa; 


iQBaaiH 
JO  i{inoiu  tnojj  in«p  jo  -o^     w  | 


--Pi  l?f- 

•  '-'     ^     t-i  d  fl-ii  ^n. 

s  a  '^  ^  ^  ^ 


DEEP  WATERWAYS, 


849 


&  h  «  h     >; 


|f2    2    :*    S 


fi       8 


J    .«    « 

;  -r     ei     ec 


-= — -i?r-^5 — ^    e 
i?       -    *-    "    -^ 


I 


Si 


^?5 


r5 

fi 

"2  "-5 

? 

' :  Ml  i , 

ac      X 

X 

^   '  '    1  '  1 

s     1*5 


s  y  ^ 


^     !1     * 

ii     s     o 


I'    I    jg'  ^!?^ 


■i.rii; 

8S     'x 


■  s 
lis' 


-  ?1  S 


?1 


5     5     5 

X      5      5^ 


M  3 


1?  5 


r,    f:    I 

III 

«    vf   ?1 


lis 

cS-5 


3     l§ 


01  V  ® 

a  fl  e 

o  c  c 

525  '^'A 


11  i^  ^  §  1 1  i  s  ii  'f!  ^.\ii  i  r  ■'§  ro 


-^-  '^"55 


I-  o 

:i>5 


It  o     S     iC      c      ©      1. 

CO  coo 


;ivi 


a 
5^. 


o     o 

55   v; 


S     22    ,s 


I 


!S     ^     ^     Ai     >r.         ';; 


\2    5    iS    ?i    8    2       5 
^    M    ^    s    n      ?i 


^  I!  £  I  i"i    S 


I  " 


'i3 


»       f,      5         IS 
—        i.-?        ?!  0 


y  § 


?»  ifi  "• 


c  c  • 
a  *  a- 


CJ      C        ,"-  Jj 


O  ¥  k 


i-c       >. »-  a 


-     .1^ 


¥^J 


i   III'!  [?"  :igl'^"* 


-*       i"       c      -^       C      jB  t^ 


Jl 

5t? 


i  1  I 


=i  ^  ^  ^ 


£  -5 

?  -S  i 

t  6  S 

£  ^  C 


g2^S 

.2sa 
c  c  * 

till 

jcua  o.^ 
.s.=  a  ce 


X         bi         b   . 


;:  _,  ii.;  ^.-  ^.-  !a:.:  ii^ 

'c;  *'^  i-'rt  '-'7^  (-"c;  t^"Z  1-^ 

H^a  &S  &V  &af  KO^M, 

^     K     1^     K     P^     C^ 


?  a 
-  a  o  o 


*** 


5*00 


5*     S'aa     a   .  |'2 


=^ 


'^^     c«a        :?    ;-w;-^K^ 


J,  5 


«    :5    r^ 


Q     ^     ^         h     PC     ffl     K 

":c    SI    S       U    35  "  S "  S  "    S  6  S  J 


CO  Co 

5z;>^^;z;a 


Zi       5    S2    ** 


000  a 


H.  Doc.  149 r>4 


850 


DEEP   WATERWAYS. 


I 

I 


a. 

I 


o 

H 

•J 

n 

< 


-p»^ij{(Iiii4i  piling  iiJWJ 
jnj  Tiniin  (If  j^ModaiMoq  |«;ox 

•ia»>  opriiiq  ;n  ja^tUQU  nn<ij, 

-^onpojd 
'nauxtv  JO  dni«A  o%  X)ja 

iUUfI  jo  [IO|)«n|VA  JO  QF^Vli 


-(K)jil  i«nau«  »qi  jo  eni«^  I 


,.  rs 


3      ~Vd 


& 


s«  etiin  uj  aoMod  }wio%  jo        :2  ,    J 
.ictModoHJoq  jad  aoi^vniVA      ""  i 


8    ^ 


«W0 


o     — .     -« 


i  t  ^ 


-^~ww 


-(l(u«l  JO  iiopirni«A  peaxn8HY 


T.}  AJUHUIIUO   .laMod   iv^oj. 


3  I    S 


s  $ 

S    8 


I  §■  s" 


S   S 


as    «-«    1-* 


S 


'! 


tij  s.>ui;4u.)  JO  jaAtxIeHjoH     * 


•^uao  a«d  sii 


1? 


I  -Suiuado      I 

'  a;«^  pu«  pvaq  pe)V)H  t«      '  <> 
HiaoqMaajVM  jo  jaModoHjoH 


'pnoaafl  Jdd 
^aaj  ,>i<ia.>  ui  'pasn  Jat«Ai 


■^-1 


I   iiii^  s  5 


y-u     w^     yt 


s  §  « 

Z    SB 


a  s  q 

S  n  ^ 


^  i 


n    3    i 


I     I! 

I  -r   I ,  m"  r^*  V 

jSji'l  '^  s 

wJ     ' «  -I  00 


lis  ^  I 
I P  * 

iioj . 

|!i«|g| 


9       O 
|!S5     55  I 


'4?    5 


iljiS  s  i 


II--  i-j 

"s    8  Is  II 

'i  -slg 


■laaj 
ui  'pvaq  JtaiSfaoM  Xavujpjo  | 


20 


1      S     : 

^, 

ChairH  .... 

Repairing, 
Furniture 

ft  3 

o    ?  . 
ft    ft»- 

ml 


ft  * 


"S    .2    S, 


Sa 


►  ** 

O 

inoi  JO  OK 

'Ui«aj:)H 
JO  q^nom  oiojj  orap  jo  -o^ 


i     ^     •« 


4  9 

OS5 


ill     ^. 


.01 


go  c  o2'-«  Q  fts® 

Q         ffl     ^     U     •^ 


o 


08 


:3'/?§fts®6 
o 


p 


So  : 


^o 


^    »    2    ':S 

rs     n     ec     r; 


»    •♦    •« 


-M 

1 

|i| 

i 

-fl 

est  End  Pulp 
md  Casket  Co. 
P.Mason  .... 

Total  at  Da 

^"S 

S    ^ 

; 

DEEP   WATERWAYS. 


851 


53    ^    2! 


?i    !» 


S    I    S8 

ri  i 

s  s  » 


M^       ^91       «       Of^ 


o  o     iS     00     k.'s 

\i''  -^  -^  4 


§    ^    3     I 


g  ii  I 


':«     :!; 


t« 

--:* 

^jV 

2 

^12 

:"l 

-id 

1 

§ 


2  i^ 


»    S    2    V?3 


11 


11 


s  ^- 


g  ^^  s  ?^55 


a     aa     a     ac 

O       O  O       O       CO 
J5     ^^i     ^i     5?555 


V  a> «  «  D 
Ada  c  a 
o  c  c     o     o 


ii 


s  sa 


4<  0) 

0  a 

o  o 


iri 


§1  §    § 


JO  11  »o"  . 

^  II  Oi  « 

^  ;i  c  a 
^  ,  oo 
5r.  I '5^.5?; 


:3   -*■-   l::   ?i?J   «::::    /i{   s 


Tf       »0— ) 


«?ss  ??  s 


riiir-i 


o 


fi   jt   js 


-    '5    '4??    ?52?i    -^    S 


*?i  IK 


i"§ 


|.        l««0        00        aOA        930X>        X}        (- 


o 

fill 


p  i  ii  ft 

M|ii|  III 


o 

43 


I   a  11 


"=    r     5 


0  «    s 

^  5^    I 

^  J-     ft 

^  •3d* 

o»     a  »  g 

3*3  "2 


*3 


o«   Si   J     : 


jZ    O 


3d 


jd 


i     I 


S  ^4 


i    I 


d 


d 


%  §  :i' 


•I 

di: 


J3 


ga-J 

lis 

♦»  ®  ►, 

.  d  d^ 


2    2  5t3  5« 


E^ 


d    1.     9 .2     os^ 


8^ 


•3   £a    -3   ►^S     :  :►?   «   o   o   1^< 


(.    i^    K        I      t« 

2    5    S       3       2" 


{3.«    I::    nrt    ii^    4! 

_    _     <_ 


':£    %    !2IS 


■3 

a 

M 

U 
4 

a  ; 
lc35 


1  -ill 


■»-dI>^      ? 

d'S'a^ 

2a^«« 

i^^dl-S 
^las** 


a«  ;j*t}  ^ 


a  a  -^ 


852 


DEEP   WATERWAYS. 


•2 

0 

§ 

.5 


I 

5t 


I 


I 


o 

S 
e2 


i^ 


=  r- 


-pjjd  iwiintiv  0q)  jr>  **i^1>A 


va  o^ii  a]  j'^AitHl  {v)04   jrj      '  z 


^5 


is  II' 


r 


li 


''iii  puif  [ti  ffunia^Mj  4dd        •; 


S^    J i  _ 


0^nff  pinr  pvait  p^v)"   )V 
K[i»tfciJii  jd^vjA  j4'i  jaAiorlqmoH. 

)«4j  ;>i;c|TiJ   •\A\  'p.wu  J^^vj^ 


I* 


--i  Is  S 

*5'  ;t"  if~ 


|i.  n  I 


tljra  JO  ox 


|ei 


DEEP    WATEEWAY8.  853 

(89)  Gould  Paper  Company,  Lyons  Falls.  The  company's  disking 
price  for  this  property  is  |?f)5(),()00. 

VALUE  OF  THE  ANNUAL  PRODUCT. 

The  value  of  the  annual  i>roduct,  as  given  in  column  (12)  of  the 
table,  is  in  general  as  stated  by  the  proprietor  of  each  establishment. 
In  the  case  of  pulj)  and  paper  mills  where  the  pulp  made  is  consumed 
in  the  manufacture  of  paper  in  the  same  mill,  the  real  value  of  the 
annual  product  represents  only  the  selling  value  of  the  finished  paper. 
In  cases  where  companies  own  separate  l)ulp  and  pajx^r  mills,  the 
product  of  the  former  being  used  in  the  latter,  the  value  of  the  pulp 
alone  has  l>een  taken  as  the  value  of  the  annual  prcnluct  of  the  pulp 
mills.  This  has  been  done  to  make  the  figures  given  for  such  cases 
comparable  with  those  for  other  mills  where  the  pulp  is  sold  directly 
as  a  finished  product  and  for  paper  mills  that  purchase  their  pulp. 
In  cases  where  the  value  of  the  annual  product  fluctuates  largely  the 
average  has  been  taken.  In  the  following  notes  relative  to  tlie  value 
of  the  annual  product  in  certain  establishments  the  mill  referred  to 
in  each  case  is  designated  by  its  serial  number,  as  in  the  table.  In 
some  cases  the  value  of  the  annual  product  of  pulp  and  paper  mills 
has  been  estimated  from  the  amount  of  the  daily  product  at  the  aver- 
age price  stated  by  the  manufixcturei-s  and  for  a  working  year  of  three 
hundred  days,  unless  othei-wise  state<l  by  the  manufacturer. 

(3)  A  large  i>art  of  the  work  of  Binninger  &  Strange  consists  of  the 
construction  of  buihlings,  and  the  actual  value  of  the  annual  product 
resulting  from  the  use  of  water  power  can  not  be  stated. 

(4)  The  total  receipts  for  pulp  by  the  Leonard  &,  Gilmore  Company 
in  the  year  18iil  were  >13,4.*{().  This  has  l)een  taken  as  the  total  value 
of  the  annual  i>roduct,  inasmuch  as  the  manufactun*  of  sash,  d(MU"s, 
and  blinds  by  this  firm  is  very  irregular  and  consumes  comparatively 
little  power. 

(11)  Value  of  the  annual  product  of  Codman's  feed  and  i)laning  mill 
varies  gi*eatly,  and  was  not  known  by  the  proprietor. 

(18)  Taggart  Ihothei-s'  power  house  furnishes  power  to  iUack  River 
Traction  C>oihpany,  but  the  rental  rate  for  power  was  not  stated.  The 
valuation  of  the  plant  is  included  in  that  of  the  Taggart  Pai)er  Com- 
pany's mill,  of  which  it  forms  a  part. 

(20)  The  Watertown  Brass  ^fanufacturing  Company  has  discon- 
tinued business,  and  the  i)lant  is  now  idle. 

(28)  The  furniture  factory  of  Zimmernuin  <fe  Ilardiman  was  closed 
for  repairs  at  the  time  the  canvass  was  made.  It  was  stated  that 
the  plant  would  be  in  operation  after  about  Octol>er  1,  1808. 

(40)  The  work  done  by  Charlebois  lirothers  is  largely  on  building 
contracts  taken  by  the  firm,  and  the  separate  annual  value  of  the 
shop  work  could  not  l>e  given. 


854  DEEP   WATERWAYS. 

(41)  Building  Hnd  wat^ir  power  owned  by  Nelson  Burdick,  but  not 
now  occupied. 

(55)  Watertown  wHterworks.     Rental  rates  for  water  are: 

Per  year. 

For  family  nee $4 

For  wat«r-clo8et 2 

For  bath    1 

For  horse  and  carriage 1 

Forlawn  hoee.  . 3 

The  total  annual  receipts  from  water  rentals  were  not  stated. 

(57)  Thomas  ('hilds  &  Son  take  their  power  from  the  water  wheels 
of  the  H.  C.  Dexter  Chair  Company  by  a  teledynamic  transmission. 
Their  plant  was  idle  at  the  time  the  canvass  was  made. 

(62)  The  lilack  River  Machine  Shop  does  repair  work  only.  The 
amount  of  the  yearly  earning  was  not  known. 

(75),  (70),  and  (78)  These  mills  run  irregularly  a  i>art  of  the  time; 
value  of  the  annual  product  not  known. 

(77)  American  Electric  Light  Company  has  a  contract,  datrcd  1898, 
to  light  the  town  of  Carthage  for  five  years.  The  annual  receipts  for 
municipal  and  commercial  lighting  were  not  stated. 

RELATION   BETWEEN   THE  TOTAL    POWER    IN   U8E,   VALUATION    OF  THE  PROPERTY, 
VALUE  OF  THE   ANNUAL   PRODUCT,  AND  NUMBER   OF  HANDS  EMPLOYED. 

Column  (14)  of  Table  No.  128  gives  the  ratio  obtaineil  by  dividing 
the  value  of  the  annual  product,  as  i>er  column  (12),  by  the  estimated 
valuation  of  the  property,  as  jier  column  (10).  This  ratio  represents 
the  numl>er  of  times  per  year  that  the  value  of  the  total  permanent 
investment  is  turned  over  in  actual  business  done. 

Column  (15)  gives  the  total  numl)er  of  hands  employed.  In  cases 
where  the  number  of  employees  varies,  the  number  of  hands  employed, 
as  Jpven  in  the  table,  represents  the  average  number  permanently 
employed. 

Table  128  A  shows  the  relative  extent  and  importance  of  the  differ- 
ent classes  of  manufacture. 
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Table  No.  128  A. — Sumnuiry  of  Vie  toater  jxnrer  in  use  J^clcutttes  of  manufacture. 

"    1! 


Clam  of  xnannfac- 
ture. 


(1) 


(2.) 


36  '  Pulp  And  paper  — 
4     Carriages  and 
wagons  

8  Machine  8hoi:8 

9  Flour   and  feed 
mills 

Electric  light  and 


power 


aterworks 
pumpiDK  station. 

ChairH  and  furni- 
ture  

Saah.dcKirH.blinde. 
lumber,  and  ve- 


neer  

Miflcellaneoii8  . 


n 

Si 


•a   I 

1^^ 


(3 


1  = 


^5 


ii  * 


l,HT*t! 


■X 

l,llfM 

1,I>14 
l.il^'^ 


(4) 

ri,3n8.riiiik 

021.  (Kr 
344,  iM) 

IftS.tJtn 

140,  noD 


114,  UOU 
ffKl.^tl 


i^t 


Total. 


i,4im 


r»r>.:n«  7,es».(M) 
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IS 

f ■  a 
gqtJ 


1114. fwt    fTh^t^mi 


mi.m 
iHfi.ni 


4(H.fiO 


]iH,oai 


in,w87.im 


hi 

sit 

Z  P^ 
^  «  a 


d  g  C2 


0  «  < 

-.PS 


(7i 
IJIT.OO 


iM^iE 


lis. 

i,:miS.oo 


ti.NS 


:i4u 


n  411 


1.40 


r-0 


in 

1*004 


3,0on 


^••1 

«    J^ 

(10> 

aj.ao 

2.60 
1.10 

19.60 

63.40 


ii8     662.70 
I4fi        6.00 


4.88 
1.30 


(I  ThiB  is  at  pumping  station  only. 

Table  Hhounng  total  amount  of  water  used  for  pouHir  wlien  working  at  full  capacity 
at  each  dam  in  cubic  feet  per  second. 


No.  of 
dam. 


Location  of  dam. 


1  Dexter 

2  Brownville 

3  Above  Brownville 

4  Glen  Park  atxi ve  Brownville 

6  Remington  Paper  Co.,  below  Watertown  . 

6  Taggart'Hdam 

7  Upper  level  Beebee'8  Island 

8  Lower  dam  Sewall's  Island 

9  Upper  dam  SeWHll's  Island 

10  Davidson  Marble  C<» 

11  Watertown  waterworks 

12  Watertown  Paper  Co 

13  Black  River 

14  Pelts  Mills 

15  Taggart  1  'aper  Co. ,  Great  Bend  

Jefferson  Power  Co 

West  Carthage    

Mill  Island,  (^rthage 

19  Stat«  dam.  Carthage  

20  Lyons  Falls 


13 


16 
IT 
IH 


Water  used 

for  power, 

in  cubic 

feet  per 

se<'x>nd. 


"1, 
a\ 
nl, 
a1 
nl. 
nl 

m; 

o2. 


«2, 

€l\ 

a\ 
ul. 

n\ 
al, 


303 
Hd6 
244 
682 
734 
227 
796 
758 
166 
198 
898 
763 
667 
683 
917 
696 
OUR 
038 
221 


a  The  location  of  pulp  mills  on  all  the^ie  dams  exi)lains  the  large  excess  development  at  mont 
of  them. 

6  One  large  flouring  mill  on  this  danL 

GENERAL  srMMARY. 

Nnmber  of  establishments 

Total  horsepower  of  water  wheels  in  use. 
Total  horsepower  of  engines  in  daily  use  . 
Total  horsepower  ordinarily  in  nse 


03 

54,050 

1,482 

55,532 

Total  valuation  of  proi)erty .-  $7,638,100 

Total  value  of  annual  protlnct $10,887,170 

Total  number  of  hands  employe  1  .   .  . ;    :>00 
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In  regard  to  th<»  total  of  o:J,8.'U  net  liorse power  actually  in  use  on 
Black  River  from  Dexter  to  Lyons  P'alls,  and  including  Beaver  Falls 
on  Beaver  River,  it  may  be  remarked  that  probably  the  wheel  manu- 
facturers' ratings  give  generally  higher  results  than  are  attained  under 
actual  working  conditions.  On  the  other  hand,  many  of  the  water 
wheels  on  Black  River  have  been  set  in  tlie  last  few  yeai-s  and  repre- 
sent good  r<^cent  water-wheel  practice.  If  we  compute  the  water 
actually  used  on  these  wheels  as  giving  an  average  efficiency  of  75 
per  cent,  the  total  i)Ower  in<»luded  in  Table  Xo.  128  amounts  to  49, 797 
net  horsepower.  The  total  gross  horsepower  of  th<^  water  called  for 
at  the  stated  heads,  as  per  Table  No.  li^S,  is  00,398. 

The  foregoing  st<atistics  as  per  Table  No.  128  do  not  include  the 
large  di^velopment  of  the  St.  liegis  Paper  Company,  a  few  miles  lx4ow 
Carthage,  now  in  process  (August  1,  1899),  and  where  wlieels  aggre- 
gating an  additional  10,0(><>  horaepowc^r  will  be  in  service  soon  aft^r 
January  1 ,  1 9(  h;). 

WATER    POWER    OF    STREAMS    TKIBl'TARV  TO   BLACK  RIVER  FEEDER. 

As  shown  on  j^late  !»3,  there  are  a  large  number  of  streams  crossing 
the  proposed  Black  River  feeder.  Table  No.  1l*9,  which  gives  statis- 
tics of  water  power  in  use  on  thest*  stivams,  shows  a  total  number  of 
establishments  of  (>().  As  per  column  (12)  of  this  table,  the  total  value 
of  the  00  establishments  is  j^4:S1,000,  or  the  average  value  i)er  estab- 
lishment is  $8,010.00.  As  per  column  (14),  the  value  of  the  i)roduct 
of  these  several  establishments  is  3!^888,250,  or  the  average  value  per 
establishment  is  Ji^l4,8()4.17.  The  total  number  of  hands  employed  is, 
as  per  column  (17),  7'MK  AVith  the  exception  of  the  following,  these 
establishments  are  mostly  small  and  not  of  material  influence  on  the 
prosp(?rity  of  the  communities  in  which  they  are  situated.  Tlie  excep- 
tions noted  are — 

(1)  Ilarden's  chair  factory,  at  McConnellsville,  where  the  value  of 
the  annual  produ(»t  is  given  at  |i4:U,()(M)  and  IjO  hands  are  employed. 

(2)  The  Camden  Knitting  Company,  at  Camden,  with  a  value  of  the 
annual  product  of  *.'](M),00()  and  200  hantls  employed. 

(.*])  The  Camden  Water  Wheel  Works,  with  an  annual  product  of 
$05,000  and  20  hands  employed. 

(4)  The  A.  W.  Mott  chair  factory,  at  Camden,  with  an  annual 
value  of  the  product  of  815,000  and  18  hands  employed. 

(5)  F.  II.  Conant's  Sons  chair  factory,  on  Mad  River,  at  Camden, 
with  a  value  of  the  annual  product  of  ^200,00<)  and  200  hands  employed. 

The  total  annual  value  of  the  i)roduct  on  Fish  Creek  is  15405,400  and 
on  Mad  River  at  Camden  $201, 5(K). 

(0)  On  l^eaver  Dam  l^rook,  one-half  mile  above  Altmar,  we  have 
the  sawmill  of  the  llorton  Lumber  Company,  with  an  annual  product 
of  $17,500  and  10  hands  employed. 
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(7)  On  Little  Sandy  Creek,  at  the  village  of  Sandy  Creek,  the  Sandy 
Creek  Manufacturing  Company,  JJniited,  manufacturers  of  wooden 
ware,  turn  out  an  annual  product  of  $70,(XX)  and  employ  70  hands. 

(8)  The  S.  II.  Barlow  planing  mill,  at  Sandy  Creek,  turns  out  an 
annual  product  of  $15,(KX)  and  employs  5  hands. 

(9)  At  Ellisburg  G.  S.  Hudson  &  Son  turn  out  an  annual  product 
of  $8,000  at  their  furniture  factory  and  employ  9  hands. 

(10)  At  Adams  E.  (4.  Seever  &  Co.  turn  out  an  annual  product  of 
$25,(XX)  at  their  feed  mill,  employing  4  hands. 

(11)  The  M.  L.  Pratt  planing  mill,  at  Adams,  has  an  annual  product 
of  $17,000  and  employs  6  hands. 

As  stated  on  a  previous  page,  the  streams  to  the  north  of  Trout 
Brook  were  in  August,  1898,  all  practically  dry.  If  the  Black  River 
feeder  is  ever  constructed,  the  percolation  loss  therefrom,  amounting, 
as  shown  in  the  chapter  discussing  that  feeder,  for  the  streams  between 
Sandy  Creek  and  Kasoag  to  possibly  230  cubic  feet  per  second,  will 
necessarily  flow  into  these  several  streams,  tending  to  mati^rially 
increase  their  low-water  summer  flow.  Even  after  the  feeder  line  has 
been  in  operation  for  several  years,  the  i)ercolation  loss  will  undoubt- 
edly l>e  far  in  excess  of  the  summer  flow  of  these  streams  in  their  nat- 
ural stat<\  It  is  true,  however,  that  we  have  no  means  of  determining 
just  what  the  efl'ect  is  on  ea<*h  stream.  Nevertheless,  it  has  seemed 
to  the  author  that  the  net  resiilt  would  be,  on  the  whole,  in  favor  of 
the  streams,  the  moi-e  especially  since  <hiring  the  winter  months  there 
is  no  reason  why  the  natural  flow  of  the  streams  should  not  \>e  dis- 
discharged  into  them,  thus  leaving  them  in  their  present  condition. 
Moreover,  the  prece<iing  discussion  shows  that  for  a  considerable  por- 
tion of  the  navigation  setison  of  ea<*h  year  the  water  supply,  as  a  whole, 
is  so  far  in  excess  of  actual  requirements  that  the  flow  of  these  streams 
can  l)e  kei)t  high  enough  to  meet  (^\isting  conditions.  From  this  i)oint 
of  view,  therefore,  no  allowance  has  ])een  made  for  damages  to  water 
power  on  any  of  these  streams,  the  author's  proposition  l>eing  that 
existing  water  powei-s  will  l>e  improved  rather  than  injured.  But  in 
order  to  x>rove  this  latter  proposition,  it  is  deemeil  important,  in  case 
construction  shoul<I  (*ver  be  ordered,  thai  gaugings  of  these  streams  l)e 
immediately  instituU^d  in  order  to  certainly  show  the  truth  or  falsity 
of  this  view. 

On  the  West  Branch  of  Fish  Creek  somewhat  different  conditions 
obtain.  During  certain  months  of  the  navigation  season  additions 
to  the  flow  of  this  stream,  amounting  at  times  to  as  much  as  1,200 
cubic  feet  per  second,  are  likely  to  l)e  made.  A  number  of  the  dams 
on  West  Branch  of  Fish  Creek  are  p(K>rly  construct<Kl,  and  it  is  doubt- 
ful if  they  would  pass  the  quantity  required  for  feeding  the  canal,  in 
additi<m  to  the  possible  flood  flows,  without  injury  to  the  dams.  It 
has  therefore  been  deemed  proper  to  make  an  addition  to  the  esti- 
mates large  enough  to  compensate  the  owners  for  the  existing  strue- 
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tures,  leaving  them  free  t.o  build  new  structures  adequate  to  the 
changed  conditions,  but  without  any  claim  for  damages  on  account  of 
the  increased  flow,  as  given  in  detail  on  a  i)receding  page.  As  a  mat- 
ter of  fact,  the  water  power  of  West  liranch  of  Fish  Creek  will  be 
greatly  improved  during  the  navigati(m  months,  April  to  Xoveml)er, 
inclusive,  but  the  uncertainty  as  to  just  the  quantity  of  water  to  be 
added  to  that  stream  <*ach  month  and  the  fact  that  in  years  of  ample 
rainfall  there  may  be  only  two  months  in  which  any  addition  will  be 
made  other  than  that  from  Salmon  River  reservoir,  renders  it  impos- 
sible to  say  how  much  the  permanent  water  power  of  the  stream  is 
improve<l.  It  api)eai's  probable,  therefore,  that  the  mill  owners  would 
be  justly  entitled  to  damages  for  whatever  expense  they  are  obliged 
to  incur  on  a(»count  of  strengthening  the  dams. 

Statistics  as  to  value  of  the  proi)erties  per  horsepower,  value  of  the 
annual  i>roduct  per  horsepower,  and  hoi*seiH>wer  per  hand  employed 
are  also  given  in  Table  No.  1:30. 

EFFICIENCY Y   OF   WATER  WHEELS. 

In  Table  No.  128,  showing  water  power  in  use  on  Black  River  in 
1898,  (*olumn  (♦))  gives  the  ci^uantity  of  water  used  at  each  mill,  as 
deduced  from  stat^^nuMits  made  as  to  gate  opening,  <*t<\,  by  the  pro- 
prietors. Inasmuch  as  the  (luantities  of  column  (G)  are  base<i  on  either 
the  ratings  of  manufa(?turt»rs  of  water  wheels,  as  giv<?n  in  their  tnule 
catalogues,  or  on  the  <lata  of  tests  obtained  from  Ilolyoke  (so  far  as 
the  same  apply),  the  question  maybe  appropriat^^ly  aske<i  whether 
the  tf>tals,  as  i)er  column  (G)  of  Table  No.  128,  are  not  somewhat  in 
excess  of  tht^  truth,  and  tliat,  consequently,  the  projKJsed  allowance  of 
2,200  cubic  f<»et  X)er  second  constant  flow  of  lilack  River  is  not  larger 
than  necessary  to  meet  existing  condit  ions.  The  nuitter  may  l)e  looked 
at  in  two  ways.  We  may  say,  on  the  one  haii<l,  that  the  manufac- 
turers of  water  wheels  sliow  no  greater  use  of  wati»r  tlian  necessary  to 
produce  a  tabulated  i)ower,  as  per  wheel  catalogue,  at  the  stated  efli- 
ciency,  or,  on  the  other  hand,  that  tlie  tendency  under  fierce  com- 
mercial competition  has  b(M»n,  in  recent  years,  to  reduce  size  of  wheel 
and  consec^uently  the  w»»ight,  at  the  same  time  tabulating  as  much 
wat^r  and  power  as  the  <*ircumstances  of  each  case  will  admit. 
Probably  th(»se  two  ten<lencies  have  produced  a  balance  of  conditions 
which,  on  the  whole,  is  very  well  represt^ited  by  the  figun;s  tabulated 
in  column  (G)  of  Table  No.  128,  and  which,  therefore,  may  be  fairly 
t^iken  as  not  far  from  the  truth.  At  any  rate,  whichever  view  is  cor- 
rect, there  is  no  ready  way  of  obtaining  the  <iuantity  of  water  required 
at  each  mill  in  those  cases  where  tlie  Ilolyoke  tests  <lo  not  apply  other 
than  to  take  stat(Ml  discharge,  as  i)er  wat^r- wheel  catalogue.  As  a 
matter  of  judgment  purely,  it  is  deemed  probable  t  hat  if  we  assume 
stated  hea<is  as  approximately  correct  the  resulting  error  would  not 
exceed  10  per  cent. 
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Column  (7)  of  Table  No.  128  gives  the  actual  horsepower  of  water 
wheels  at  slated  head  and  gate  opening,  as  computed  from  the  Ilolyoke 
data,  so  far  as  this  applies;  otherwise  from  tlie  manufacturers'  wheel 
catalogues.     The  total  of  column  (7)  is  54,050  horsepower. 

Column  (7a)  gives  gross  horsepower  of  water  used,  as  j>er  columns 
(5)  and  (G),  at  the  theoretical  efficiency  of  the  water.  The  total  of  this 
column  is  0(;,.398. 

In  column  (71))  we  have  the  net  power  of  the  water  use<l,  as  per  col- 
umns (o)  and  (tJ),  with  the  efficiency  assumed  at  75  per  cent  of  the 
theoretical.     Tlie  total  of  column  {7h)  is  40,797. 

Taking  into  account  that  a  very  large  proportitm  of  the  plants  on 
Black  River  are  new,  and  that  many  of  the  water  wheels  are  of  the 
best  design  an<l  efficiency,  it  is  probable  that  the  total  of  column  (7) 
of  54,050  horsei)ower  is  not  very  far  from  the  actual  i)ower  developed. 
At  any  rate,  it  seems  safe  to  assume  that  the  true  total  will  lie  some- 
wheixi  between  the  footing  of  column  (7)  and  (7b).  If  we  take  the 
means  of  these  two  columns,  we  have  a  total  of  51,424  net  horsepower. 
For  even  figures  we  may  say  that  the  total  net  horseiKJwer  in  use  on 
Black  River  in  the  fall  of  1808  was  52,000. 

ESTIMATED    VALUE   OF  WATER  POWER  PER  HORSEPOWER. 

In  Water  iSupi)ly  and  Irrigation  Pai>er  No.  25,  of  the  United  States 
Geological  Survey — Water  Resources  of  the  State  of  New  York,  Part 
2,  page  18I» — the  author  has  stated  that  the  value  of  water  per  gross 
horsepower,  when  ust^'d  at  first  hand  in  manufactiiring,  may  be  taken 
at  about  ^WO  per  horsepowiM-  i)<»r  year.  This  is  a  general  estimate 
for  all  kinds  of  manufacturing  and  for  all  localities  in  the  Stati?.  For 
use  in  paix»r  making,  which  is  the  chief  industry  of  Black  River,  the 
figure  deduced  from  the  statistics  of  .'^G  pulp  and  paper  mills  in  Table 
No.  128  is  ^108.50  per  horseiM)wer  per  year.  These  figun^s  <lo  not 
mean  that  the  mere  poss(*ssion  of  the  water  represents  values  of  from 
♦108.50  to  1^1 00  p(»r  year  per  horsepow(»r,  but  that  the  developed  plants 
with  invested  capital  will  yield  annual  prodiicts  jhu*  horsepower  per 
year  averaging  something  like  ^W)  to  §>2(M)  for  diffeivnt  kinds  of  man- 
ufacturing business.  Taking  all  the  mills  on  Black  River  as  they 
stood  in  the  fall  of  1808,  with  the  stated  value  of  the  annual  product 
of  ♦10,877,170  and  r>0,.*K»8  gross  hoT'sepower  in  use,  the  value  per  grops 
horsepower  per  year  becomes,  roundly,  ♦104.  For  other  streams  with 
different  chanicter  of  business  from  that  on  Black  River,  these  figui*es 
would  l>e  quite  different. 

BLACK   RIVER   RESERVOIR. 

In  general  terms  this  project  includes  the  construction  of  a  main 
barrage  a<*ross  Black  River  at  the  village  of  Carthage,  by  which  the 
ordinary  water  surface  of  that  stream  will  l>e  raised  48.5  feet  and  an 
area  flooded  at  extreme  high  water  of  77.9  s<iuare  miles,  or  49,856 
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acres.  In  the  estimates  the  total  quantity  of  land  is  taken  at  r)e),00(> 
acres,  of  which  40,200  acres  are  agricultural,  timber,  and  wild  lands, 
800  acres  being  villages  and  the  suburbs  thereof.  The  area  ilooded 
at  elevation  of  spillway  crest,  772  feet  above  ti<le  water,  is  73.2  square 
miles.  The  catchment  area  of  Black  River  at  Carthage  is  1,812.2 
square  miles.  In  addition  to  the  main  barrage  across  the  channel  of 
Black  River,  there  are  seven  dikes  to  be  constructed  in  the  vicinity 
of  Carthage  ac*ross  lateral  valleys.  Tlie  project  also  includes  the 
relocation  of  nearly  20  miles  of  the  New  York  Central  and  Hudson 
River  Railway  (Rome,  Watertown  and  Ogdensburg  Division),  together 
with  the  raising  of  several  miles  of  the  same  without  change  of  the 
present  location;  the  construction  of  three  liighwaj's  across  the  reser- 
voir to  take  the  place  of  existing  highways;  the  reconstruction  of 
highways  along  the  margins;  the  partial  or  complete  removal  of  the 
villages  of  Beaver  Falls,  Bushee's  Landing,  Carthage,  Castorland, 
Dadville,  Deer  River,  Kast  Martinsbnrg,  Glenfield,  Lowville,  Naum- 
burg,  New  Jiremen,  and  Watsons.  At  Carthage  and  Lowville,  the 
two  large  villages  of  the  area  proposed  to  l>e  flooded,  the  submerged 
areas  are  relatively  unimijortant  partes  of  the  towns.  Several  of  the 
other  villages  are  entirely  submerged,  while  others  are  only  partially 
siibmerged. 

There  are  eight  cemeteries  within  the  limits  of  the  flow  line,  includ- 
ing 26.2  acres  area.  Three  of  these  are  small  family  burj'ing  places, 
while  the  others  are  used  by  the  communities  in  the  vicinity.  In 
regard  to  a  wholesale  renu)val  of  cemeteries,  such  as  is  liere  contem- 
plated, it  may  be  pointed  out  that  while  probably  this  is  the  most 
delicate  of  the  several  changes  to  be  made,  still  in  view  of  the  fact 
that  the  removal  of  cemeteries  in  order  to  make  place  for  public 
improvements  is  very  common  in  the  State  of  New  York,  there  is  no 
reason  why  these  cemeteries  should  not  be  moved  in  the  present  case. 
Cemeteries  have  lK»en  moved  in  the  State  of  New  York  for  various 
purposes  at  Rochester,  Albany,  Brookl^^n,  New  York  City,  in  the  val- 
ley of  the  Croton  River,  and  at  other  places.  The  author  has  dis- 
cussed this  phase  of  the  reservoir  problem  at  length  in  liis  report  on 
Genesee  River  storage  in  the  Annual  Report  of  the  State  Engineer  and 
Surveyor  of  the  State  of  New  York  for  the  fiscal  year  ending  Septem- 
ber 30,  1890,  and  is  unable  to  add  anything  to  what  has  been  said  in 
that  report,  to  which  the  reader  is  referred  for  further  detail.  The 
problem  of  changing  a  considerable  extent  of  railway  for  the  con- 
struction of  a  large  reservoir  is  also  discussed  somewhat  at  length  in 
the  same  report. 

There  are  807  dwellings,  14  common  schoolhouses,  and  !)  churches 
within  flow  line.  Tlie  work  also  includes  17.2  miles  of  new  common 
roads,  in  addition  to  the  three  highway  crossings  over  reservoir  pre- 
viously mentioned. 

At  present  there  are  live  bridges  over  BUick  River  between  Car- 
H.  Doo.  140 55 
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thage  and  Lyons  Falls,  namely:  Castorland,  1 ;  Lowville,  2;  Glenfield, 
1;  (^reig,  1.  It  is  considei'ed  that  the  three  crossings  as  proposed  will 
fairly  accommodate  the  traffic  of  the  region. 

The  Black  River  Valley  between  Carthage  and  foot  of  Lyons  Falls 
is  a  broad,  nearly  level  valley,  in  some  places  about  5  miles  in  width, 
gradually  narrowing  to  a  width  of  about  one-half  a  mile  in  the 
upper  portion.  According  to  the  Black  River  Canal  levels,  the  crest 
of  the  State  dam  at  Carthage  is  at  an  elevation  of  723.53  feet  above 
tide  water,  while  the  water  surface  at  Lyons  Falls,  42.5  miles  distant 
by  the  meander  of  the  river,  is,  according  to  the  same  levels,  735.65. 
At  i)resent  the  slack-water  navigation  from  Lyons  Falls  to  Carthage 
is  made  by  two  dams  with  locks,  one  at  Otter  Creek  with  a  lift  of  about 
4  feet  and  one  at  Bushee's  Landing  with  a  lift  of  about  4.5  feet. 
From  Lyons  Falls  the  Black  River  Canal  rises  to  the  Boonville  sum- 
mit, where  the  elevation  of  the  summit  level  is  1,126.96  feet  above 
tide  in  a  distance  of  10  miles.  From  Boonville,  Black  River  Canal 
drops  down  to  Erie  Canal  level  at  Rome,  a  distance  of  25  miles.  This 
discussion  of  Black  River  reservoir  is  made  on  the  basis  that,  in  case 
of  carrying  out  deep  waterways  in  the  final  arrangements  with  the 
State  of  New  York,  the  Black  River  Canal  would  be  abandoned. 

That  x)ortion  of  Black  River  Valley  within  the  flow  line  of  the  pro- 
posed reservoir  presents  considerable  diversity  of  soil.  In  the  lower 
portion  the  soils  to  the  east  of  the  river  are,  in  a  large  degree,  sandy 
and  of  very  little  value  for  agriculture,  while  on  the  west  side  there 
are  considerable  areas  of  valuable  bottom  meadows.  To  the  east  and 
southeast  of  Carthage  there  are  also  extensive  areas  almost  entirely 
covered  with  rock,  and  of  very  nominal  value.  The  values  of  these 
different  grades  of  lan<ls,  determined  by  consultation  with  the  assessors 
of  the  several  townships  in  which  they  are  situated,  are  shown  in  detail 
in  the  accompanying  estimates.  The  following  notes,  as  obtained 
from  assessors  in  a  few  of  the  townships  affected,  are  cited  as  show- 
ing the  values  of  these  lands: 

In  th(*  town  of  Denmark  the  aSvsessors  state  that  hill  farms  are 
valued  at  *2()  per  acre,  flats  at  from  ^60  to  $70.  These  the  assessors 
consider-  to  be  nearly  full  values. 

In  the  town  of  Croghan  the  assessors  value  the  best  farms  in  the 
flats  at  $37  pcM-  acre,  and  other  lands  at  from  $6  to  $25  per  acre.  The 
rock  and  sand  areas  at  from  $2  to  $5  per  acre. 

In  the  tcnm  of  New  Bremen  the  equalized  assessed  value  per  aci'e 
for  the  whole  to>^Tiship  is  $S.25.  The  assessoi-s  state  that  this  is  about 
60  i^er  cent  of  value.  On  this  basis  the  average  value  of  lands  in  that 
township  becomes  $13.75  j)er  acre. 

In  Gn^g  Townshix>  the  assessors  state  that  good  river  flats  are 
aasessed  at  $25  per  acre;  sandy  flats  at  from  86  to  87  per  acre;  the 
best  stony  land  at  812  x>er  acre;  poor  stou}'  land  at  $7  per  acre,  and 
swamps  at  50  cents  i)er  acre. 
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In  Martinsburg  Township  the  best  flat  lands  are  assessed  at  from  $30 
to  835  per  aci'e;  swamps  at  *1  per  acre.  The  equalized  value  per 
acre  in  this  township,  as  per  supervisors'  equalization  table  for  1808, 
is  $22.65. 

In  Lowville  Township,  river  flats  and  all  lands  between  New  Vork 
Central  and  Hudson  River  Railway  and  the  river  are  assessed  at  $50 
an  acre.     The  equalized  value  in  this  township  is  $(U].5<). 

In  tlie  town  of  Turin  flats  are  assessed  at  $40  per  acre,  and  lands 
on  the  first  bench  above  the  flats  at  $30  i)er  acre. 

Referring  to  the  supervisors'  eiiualization  table  in  the  Proceedings 
of  the  Board  of  Supervisors  of  Lewis  County,  it  is  learned  that  the 
total  assessed  area  in  Lewis  County  is  754,48H  acres,  on  which  the 
assessors  place  a  total  value  of  $8,834,204.  At  this  rat^  the  average 
price  per  acre  for  the  whole  county  becomes  $11.71. 

As  shown  by  the  detailed  estimates,  the  total  value  of  the  50,000 
acres  of  land  to  be  taken  for  Black  River  reservoir  is  estimated  at 
$1,876,000.  By  way  of  proving  that  this  is  an  ample  estimate  we  may 
consider  that  while  50,(X)0  acres  is  only  about  one-fifteenth  of  the 
total  area  of  Lewis  County,  the  (estimated  value  of  $1,876,000  is  about 
one-fifth  of  the  total  valuation  of  the  county;  that  is  to  say,  the  esti- 
mated value  of  the  lands  to  l)e  taken  is  nearly  three  times  the  average 
value  of  the  lands  of  the  whole  county.  The  lands  to  be  taken 
include,  however,  some  of  the  l)est  in  the  county,  as  well  as  a  large 
proportion  of  the  poorest  lands. 

Probably  as  serious  a  consequence  as  any  to  result  from  the  con- 
struction of  Black  River  reservoir  is  the  considerable  interference 
with  the  water  power  at  Beaver  Falls,  Lyons  Falls,  New  Bi'emen, 
LowviUe,  Fentons  Mills,  and  Deer  River  Village.  At  Beaver  Falls, 
on  Beaver  River,  there  ai*e  now  fcnir  esta])lishments  ordinarily  using 
3,071  horsepower  and  with  a  total  valuation  of  $425,(XH),  the  total  value 
of  the  annual  product  being  $448,600.  There  are  42  hands  employed. 
The  first  of  tliese  establishments  is  the  J.  P.  Lewis  Pulp  and  Paper 
Company,  manufacturing  wood  pulp  and  pulp  boards  and  mats;  the 
second  is  the  J.  1^.  Lewis  Comx)any,  manufacturing  wood  pulp;  the 
third  is  Lewis  So  Slocum,  manufacturing  woo<l-pulp  board,  and  the 
fourth,  Lewis,  Slocum  &  Lefel)re,  manufacturing  wood  pulp.  The 
first  three  of  these  establishments  will  be  entirely  eliminated,  the  back- 
water of  Black  River  reservoir  just  abimt  reaching  the  ci'est  of  the 
Lewis  &  Slocum  dam.  The  water-power  statistics  of  these  several 
establishments  are  given  in  Table  No.  128. 

At  Lyons  Falls  we  have  the  custom  feed  mill  of  II.  C.  Markham,  who 
was  also  in  the  fall  of  1888  erecting  a  small  electric-light  plant  for 
lighting  the  village  of  Lyons  Falls.  These  establishments  are  situated 
on  Black  River  Canal,  just  above  where  the  said  canal  enters  Black 
River,  and  will  be  entirely  submerged.  The  value,  however,  is  small, 
not  exceeding  85,000.     The  i)rincipal  establishment  at  Lyons  Falls  is 
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the  newspaper  mill  of  tlie  Gould  Pai)er  Company,  where  the  water 
wheels  ordinarily  work  under  from  07  to  68  feet  head,  yielding  a  power 
of  something  like  7,731  liorsepower.  The  crest  of  the  i>ower  dam 
above  the  falls  is  at  an  elevation  of  801  above  tide  water,  while  the 
crest  of  the  barrage  at  Carthage  will  be  placed,  as  stated,  at  772  al)ove 
tide  water.  There  will  remain,  then,  when  the  i-eservoir  is  just  full, 
29  feet  head  instead  of  about  G8,  rh  at  present.  During  such  flood 
flows  as  occur,  with  the  water  surfa<*e  of  the  reservoir  above  crest  of 
barrage  at  Carthage,  the  head  will  be  less,  although,  as  shown  by  col- 
umn 10  of  Table  Xo.  131,  this  condition  will  only  rarely  occur.  Usu- 
all}^  with  the  reservoir  drawn  somewhat  down,  the  head  at  Lyons 
Falls  will  be,  on  an  average,  fnmi  30  to  35  feet.  In  any  case  the  mill 
will  largely  require  reconstructing  in  order  to  conform  to  the  new 
conditions,  and  from  this  point  of  view  the  damages  have  been  liter- 
ally estimated.  Th(>  (^ould  Company  were  expending  about  $200,000 
on  improvements  to  their  mill  during  the  summer  of  1809. 

At  Deer  River  Village  th(^  backwater  of  the  reservoir  just  about 
reaches  the  crest  of  the  lower  dam,  practically  eliminating  water  power 
at  that  dam. 

At  Lowville  there  is  an  ol<I  mill  the  water  power  of  which  will  be 
destroyed. 

At  New  Bremen  then^  ai-e  three  small  establishment-s  entirely  sub- 
merged. 

At  Fentons  Mill,  on  the  east  side  of  t.h<»  reservoir,  a  small  feed  mill 
will  be  submerged. 

The  chief  damage  will  occ\ir  at  Beaver  P'alls  and  Lyons  Falls,  the 
mills  at  the  other  places  l)eing  relatively  unimportant. 
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Table  No.  1:30. — Shoxcing  area  jf owed,  volume  atored,  and  corresponding  inches  in 
depth  on  catchment  are^i  for  suvcessive  elevations  of  water  surface  in  the  proposed 
Black  River  reservoir. 
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Table  No.  130  shows  the  area  to  be  Hooded,  volume  stored,  and  eor- 
i-esponding  inches  in  depth  on  eatehnient  area  for  suecessive  eleva- 
tions in  the  proposed  Black  River  reservoir.  In  this  table  the  elevat  ion 
of  water  surface  of  730  has  been  assumed  as  the  base  of  the  sections, 
the  volume  below  that  level  beinj^  so  small  as  to  be  negligible  in  the 
calculation  of  quantities.  In  Table  No.  130  the  area  flooded  in 
square  miles,  the  volume  stored,  and  the  corresponding  inches  in 
depth  on  the  tributar}'^  catchment  area  of  1 ,812. 2  square  miles  are  given 
for  successive  elevations  of  1-foot  hovels  from  elevations  730  to  778. 

Table  No.  131  gives  for  Black  River  reservoir  the  storage  and  outgo 
from  month  to  month,  1892  to  1808,  inclusive. 

SALMON   KIVER   KESEKVOIR. 

The  object  of  this  reservoir  is  to  provide  storage  within  reasonable 
distance  of  the  main  deep  waterway  so  that  in  case  of  temix»rary  stop- 
page of  the  main  feeder  to  the  north  water  could  still  be  supplied  to 
the  canal.  The  ordinary  elevation  of  water  surface  of  Salmon  River, 
a  short  distance  above  the  proposed  Dam  No.  73,  is  approximately 
897,  the  flats  at  the  side  being  a  little  above  000.  The  water-surface 
elevation,  as  proposinl  for  the  reservoir,  is  053.  The  total  rise  of  water 
surface  at  or  near  the  dam  is,  therefore,  roundly,  50  feet.  In  addi- 
tion to  the  main  barrage  thei'e  are  three  dikes,  the  fii*st  of  them,  Dam 
No.  74,  cutting  oft  a  narrow,  lateral  valley  near  the  lower  end  of  the 
reservoir,  while  Dams  Nos.  75  and  70,  to  the  south  of  the  village  of 
Redfield,  are  in  abi'oad,  n(»arly  level,  somewhat  swampy  plain,  where 
a  comparatively  small  rise  would  throw  Salmon  River  water  over  into 
the  catchment  area  of  ^Ia<l  River,  a  tributary  to  West  Branch  of  Fish 
Creek. 

The  small  hamlet  of  Re<lfiel<l  is  the  only  village  within  the  area  to 
be  flooded.  The  lands  to  be  taken  include  a  considerable  i^roportion 
of  swamp  and  timber  area,  from  which  the  valuable  timber  has  been 
mostly  <*ut.  The  balance  of  the  area  is  not  valuable,  and  this  reser- 
voir, as  a  whole,  is  (M)nsidere<l  to  present  favorable  conditions  for 
taking  such  an  area.  The  details  are  sufficiently  shown  by  the 
accompanying  estimates.  There  is  one  cemetery  to  be  removed  at 
Redfield. 

The  volume  and  area,  as  determined  l)y  tlie  surveys  therefor,  are 
as  follows: 


Elevation.  I      Area.  Volume. 


,  So.  miles. 

910 1.619 

»U) '  4.481 

W) '  7.856 

960 8.458 


Citbivfeet. 

0.0 
1. 700, 68S,  400.0 
^  000. 68M.  000.0 
7.att,477,400.O 


Elevation  OK)  was  taken  as  the  l)ase  of  the  sections,  the  volume 
below  that  level  being  neglected  except  that,  in  order  to  obtain  a 
rounded  quantity  of  7,500,000,<X)0  cubic  feet  for  the  volume  at  eleva- 
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tioii  OGO,  wo  may  make  tho  volume  below  910  as  294,523,000  cubic 
feet,  a  quantity  well  within  the  volume  shown  by  the  surveys  and 
maps.     On  this  basis  we  have  the  following  amended  tabulation : 


Elevation. 


900. 
910. 
JJ90. 

960. 


Area. 


8q.  milea. 
0.486 
1.619  - 
4.481 

7.  aw 

8.458 


Volume. 


Cubic  feet. 

0.0 

294,  r)23. 000.0 

1,995.105.000.0 

5,295,211.000.0 

7.500,000,000.0 


In  Tabl(5  No.  132  the  area  flooded,  volume  stored,  and  the  corre- 
sponding inches  in  depth  on  the  tributary  catchment  area  of  190.5 
square  miles  are  given  for  successive  elevations  of  1-foot  intervals 
from  el(;vation  900  to  900. 

In  the  Annual  Report  of  the  State  Engineer  and  Surveyor  of  the  State 
of  New  York  for  the  fiscal  year  ending  September  30,  1895,  the  author 
has  shown,  in  his  report  on  the  Upi>er  Hudson  storage  surveys,  that 
i*eserv^oirs  for  storing  water  in  the  Adirondack  region  may  be  devel- 
oped up  to  a  storage  of  13.5  inches  on  the  tributary  catchment  area  for 
a  run-oif  like  that  of  Hudson  River.  Inasmuch  as  the  meteorological 
conditions  on  Black  and  Salmon  rivers  are  the  same  as  on  Hudson, 
there  is  no  reason  why  the  argument  made  at  length  in  the  Hudson 
storage  report  may  not  apply  here.  Taking,  then,  the  Hudson  storage 
report  as  a  part  of  this  discussion,  so  far  as  necessary  to  cover  the 
argument  for  reservoii's  developing  a  storage  of  13.5  inches  on  a  catch- 
ment area  subject  to  a  run-off  like  that  of  the  northern  plateau  of  the 
State  of  New  York,  we  may  state  the  general  problem  in  this  way: 
Having  given  a  reservoir  of  the  area  and  volume  show^n  in  Table  No. 
132,  and  with  a  tributary  catchment  area  of  190.5  squai*e  miles,  it  is 
required  to  find  how  much  water  can  be  reasonably  exi>ected  to  be  col- 
lected from  the  \vatershed,  stored  in  the  reservoir,  and  drawn  from  it 
for  canal  use  during  a  dry  year,  or  during  a  series  of  such  years.  Inas- 
much as  the  computation  is  the  same  for  l)oth  cases,  we  will  make  it 
for  the  Sahnon  River  reservoir  only,  except  so  far  as  it  may  be  neces- 
sary to  repeat  the  computation  in  discussing  Avater  supply  to  the  main 
feeder  line  further  on. 

The  water  collected  and  stored  in  Salmon  River  reservoir  during 
the  entire  year  may  be  drawn  from  it  in  three  ways,  as  follows: 

(1)  By  evaporation  from  the  surface  of  the  reservoir. 

(2)  By  supplying  a  certain  fixed  quantity  to  Salmon  River  l)elow 
the  dam  during  the  entire  year. 

(3)  By  feeding  the  canal  during  the  months  of  May,  June,  July, 
August,  September,  October,  and  November. 

On  the  supposition  that  the  reservoir  will  be  nearly  or  quite  empty 
at  the  end  of  the  navigation  season,  or,  in  other  words,  that  the 
largest  possible  amount  will  be  fed  to  the  c^inal,  the  general  state- 
ment juay  be  written  in  the  following  form: 
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(1)  Outgo — (evaporal ion -h quantity  to  st ream + quantity  to  canal); 
and,  by  transposition  of  terms, 

(2)  Quantity  to  canal  -  outgo —  (evaporation +(iuantity  to  stream). 
In  the  above  eiiuation,  if  we  can  <leti»rmino  values  for  the  terms  of 

the  second  member,  wo  can  substitute  them  and  solve  for  the  first, 
which  is  the  object  of  the  investigation. 

In  pi-evious  pages  we  have  discussed  the  run-oflP  data  of  Hudson 
River,  as  determined  l)y  gaugings  at  Mechauicvilh*.  The  (»at(*hment 
areas  of  Salmon  River  and  upper  Hudson  l)eing  of  the  same  general 
character  as  regards  proportion  of  forests  and  annual  rainfall,  it  is 
reasonable  to  estimate  that  the  run-olTs  from  the  two  streams  will  be 
substantially  equal;  hence  the  Hudson  River  data  are,  in  the  absence 
of  extended  gaugings  of  Salmon  River,  taken  as  practically  applica- 
ble. These  data  have  already  been  given  in  Tables  Nos.  5,  0,  and  7. 
Evaporation  data,  as  given  in  Table  Xo.  12,  are  cxmsidered  as  apply- 
ing to  Salmon  River  catchment  area.  In  the  following  tabulation  we 
have  the  evaporation  for  the  months  of  a  water  year  from  December 
to  November,  inclusive,  as  computed  in  inches  on  the  Salmon  River 
catchment  area  for  the  actual  reservoir  area: 


December 0.043 

January    0.020 

February 0.021 

March 0.053 

April 0.104 

Mav 0.182 


June 0.221 

July 0.192 

August 0.213 

September 0.160 

October 0.115 

November 0.057 


In  designing  a  storage  reservoir,  it  is  the  author's  opinion  that  the 
stn^am  is  entitled  to  scmie  water  at  all  seasons  ot  the  year  and  compu- 
tations of  effective  storage  must  be  made  with  reference  to  allowing  a 
definite  quantity  of  water  to  go  constantly  to  the  stream.  It  is  true 
that  in  sonu*  discussions  of  the  deep  waterways'  water-supply  ques- 
tion, it  has  be(Mi  ])roposed  to  take  absolut^^ly  all  the  water  of  the  trib- 
utary catchment  area,  but  this  the  author  looks  upon  as  a  barbarism 
which  the  people  of  the  State  of  New  York  ought  not  to  i)ermit.  From 
this  point  of  view  it  is  necessary  to  decide  on  some  mean  flow  below 
which  the  stream  shall  never  be  allowed  to  fall.  This  is  done  in  the 
interests  of  water-power  plants  already  located  on  the  stream,  fisher- 
ies, etc.  In  the  Hudson  River  report,  in  the  annual  report  of  the 
State  engineer  and  survej'or  for  18115,  the  quantity  fixed  upon  for 
storage  in  the  upper  Hudson  catchment  area  is  0.5  inch  per  month. 
In  cubic  feet  this  amounts  to  0.45  cubic  foot  per  second  per  square 
mile  for  a  numth  of  thirty  days.  There  is  no  reason  why  this  quantity 
may  not  bo  used  in  the  case  of  Salmon  River  reservoir.  On  Black 
River,  where  it  is  proposed  to  provide  a  flow  of  2,2(X)  feet  per  second 
to  maintain  water  i)ow<»r,  the  conditions  are  different  and  the  question 
of  minimum  allowance  does  not  come  into  the  discussion.  With  0.45 
cubic  foot  per  second  per  s<j[uare  mile  always  flowing  away  from  the 
regulated  catchment  area,  we  would  have  in  the  stream  just  l)elow 
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Salmou  Kiver  Dam,  No.  47,  about  87  to  88  cubic  feet  i)er  second,  which 
was  approximately  the  observed  low- water  flow  in  the  summer  of  1808. 

Ilavinji:  in  the  preceding  discussion  fixetl  our  data,  namely,  run- 
off, evaporation,  and  allowance  to  stream,  we  may  now  combine  these 
so  as  to  obtain  the  lirst  memlx^r  of  the  foregoing  equation  (2),  namely, 
quantity  available  for  canal  purposes,  the  computation  taking  the 
form  of  an  approximation  by  trial.  In  making  such  a  computation, 
the  author  has  usually  found  the  second  trial  to  be  suflicient. 

Referring  to  Table  No.  13.'5,  showing  state  of  pniposed  Salmon  River 
reserA'oir  from  month  to  month  for  the  yeai'S  18i»2  to  1808,  inclusive, 
we  have,  in  column  (:?),  the  run-off  of  the  stream,  which  equals  inflow 
to  reservoir.  The  outgoes,  as  shown  by  columns  (3),  (4),  (5),  and  (♦>), 
are  evaporation,  amount  to  stream  for  maintenance  of  water  i>ower 
and  fisheries,  and  amount  to  canal  t^ken  for  the  months  fix)m  May  to 
NoA'enil>er,  inclusiAe,  at  iUK)  cubic  feet  per  st^cond.  The  total  outgo, 
as  per  column  (0),  is  the  same  as  columns  (3),  (4),  and  (5).  In  column 
(7)  we  have  the  diffei-ence  l>etween  inflow,  as  i)er  column  (1),  and 
total  outgo,  as  per  column  (G),  taken  as  an  excess,  this  meaning  that 
for  any  given  month  the  quantity,  as  per  column  (7),  was  in  excess 
of  requirements  for  that  month  and  went  to  increase  the  storage.  In 
column  (s)  we  have  the  deficiency — thai  is  to  say,  in  any  month  in 
which  th<*  total  outgo,  as  per  column  (0),  is  greater  than  the  total 
inflow,  as  per  column  (2),  the  storage  would  be  drawn  upon  as  per 
quantity  in  column  (8).  In  column  (0)  we  have  the  inches  in  depth 
of  water  over  the  entire  catchment  area  in  the  reservoir  at  the  end  of 
each  month,  while  column  (1(»)  shows  the  amount  wasted  from  the 
reservoir  in  any  given  month. 

Table  No.  133  has  been  computed  on  the  supposition  that  the  reser- 
voir was  emi)ty  on  the  1st  of  Deceml>er,  1801.  Taking  the  aetaal 
run-off  figures  of  Hudson  River,  as  per  column  (2),  the  computation 
is  carried  along  in  Table  No.  133  for  the  water  years  1802  to  1808, 
inclusive.  Tlie  year  of  minimum  run-off  was  1805,  when  the  total 
was  17.4*1  inches.  At  the  end  of  November  of  that  year  there  would 
have  l>een  left  5.10  inches  in  the  i-eservoir.  This  was  the  lowest  year 
of  any  in  the  period  considered  from  1802  to  1808,  inclusive. 

The  following  tabulation  shows  the  state  of  the  I'eservoir  at  the 
beginning  and  ending  of  each  navigation  season  for  the  period  covei^ed 
by  the  table  from  Deceml)er  1,  1801,  to  November  3(),  1808,  inclusive: 


Inrhos  I   Inchee 

l>at«'.  in  reser-  Dato.  in  reser- 

voir, voir. 


December  1,  ISO  1 Empty.  D(M«eml)er  1, 18J*5 6.19 

Mavl.l8I« fi  i:J  oi»  May  1,  l»U6 o  laSO 

DecemlM^r  I,  l«e 11  u7  December  1, 1«W H.13 

Mayl,l>»3 ai:j.5()  May  1,  isiC  al3.50 

Decern  1  »er  1,  isiia o.ttj  December  1.  IWT 11.94 

Mav  1,  IKJH o13..t()  Mav  1,  18W ol3.o() 

l>»ceniber  1, 1«H «i.t;i  December  1,  1898 10.86 

May  1.  181»5 o  i:V5() 

a  Full. 
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The  ainouiit.s  wasted  from  Salmon  River  reservoir  in  tlie  several 
water  yeai's  from  181»2  to  18i)S,  iiieliisive,  are  as  follows:  Tii  1802, 
9.03  inehes;  in  1803,  0.30  inches;  in  1804,  2.03  inehes;  in  1805,  0.30 
inch;  in  180i>,  4.30 inches;  in  1807,  ll.ol  inehes;  in  1808,  13.04  inehes. 

Table  No.  132. — Shou*in(j  area  flowed,  rolttnie  ntored^  and  con^eHj^mitdiny  inches 
in  depth  on  catchment  area  for  atieceiisire  elevations  nf  the  ivater  surf  (tee  in  pro- 
posed Salmon  River  reservoir. 


Elevation  of  water  nnrfac* 


<V 


Area  of 

water 

Hurfme. 


Voliiinc, 


Inches on 

catch- 
ment area 
,  ofsnoare 
I     miles. 
I 


900.. 
W)l. 

we*. 

HOC).. 

nu. 

905.. 
»0A. 
907.. 
908. 
9U9.. 
910.. 
911. 
012. 
913.. 
914.. 
915. 
91».. 
017.. 
918.. 
919. 
«t30.. 
981.. 
9S2. 
9S3. 
034.. 

oes.. 

908. 

927. 

RS8. 

9SiO. 

9»). 

9U1. 

9QS. 

93:). 

984. 

985. 

09fl. 

937. 

98K. 

WB. 

040. 

041. 

042. 

043. 

944. 

045. 

04«. 

047. 

048. 

049. 

050. 

051. 

053 

053. 

0^.. 

ft55. 

06tf. 

057. 

058. 

oeo. 


■V'/ 


Ml  ilt'H. 

O.(MH) 
0. 71JJ 
O.Ha") 
O.OJtf 

um 

1.379 

i.;si5 

1.510 

1.819 

1.758 

l.WIQ 

3.(^44 

3.  IK'i 

3.;K8 

3.470  , 

3. 815 

3. 758 

3.903 

3.050 

3. 193  ' 

3,'.m 

3.475 

3.818 

3.78f»  : 

3.903 

4.04,",  ' 

4.18K 

4.:i3l 

4.481 
4.K3:{ 
4.770 
4.913 
5.06O 
5.3fei 
5.345 
5.490 
^.834 
5.780 
5.920 
8.080 
8.210 
6.350 
6.49H 
8.838 
6.7H0 
6.935 

7.oiy* 

7.310 

l.m  , 
7.575 

7.«»<5  I 
7.80O  . 
7.9JJ7  ■ 
8.1130  I 
8. 130  ' 
w.3;n'  I 
8.:W!»  I 

8.4.58  i 


Cuhiv  feet. 

3U.453,:)0l) 
5S,9O4.0U0 
88.:iT8,90O 
117,»K».30O 
147.361.500 
176.713.800 
'Mi.  186. 100 
335,618.400 
365.070.700 
394.53:3.000 
379,  .553. 100 
464.581,300 
549,610.300 
634.639,400 
719,668.500 
804.697,600 
889,736,700 
974.755.800 
l.(Jil!*.>4.(Mt 

l.;fi»lMhfl,;Sli| 
l,4J<l.lPi?ii,iJitf 

l.rrfHM'rj;r,riJ"Ki 

l,tirj4,1iH.-i.<.llll> 

1.7w>.(ji7.7<l) 
l,H:i"KW^^.w:iit 
lj>l(^(]7;"*.9nil 

:;,ikvi,  i:st).3ijft 
:i.8aj,  i;ii,riO<i 

2,1ifip,  llliKfifiil 
3.1.-i<i.  1  li,Mrifi 

y.tH.V  l;>.iKij 

3.H7:j,  hi^,  [1IKI 
4.14<tl7:^.i«|(| 

4.(LT,    !^'i    '-lif 

.[..HNi  :'■-,  |iiu 
4.n6.5.300.4<N) 
5,l:«l,3<l5.700 
5. 305. 311.  (KK) 
5,515,»Wt>.900 
5.7:W.l(iS.800 
5,956.«M7,700 
6,177.136.601) 
6.%)7.tMk').5(XI 
6.6l8,OK4.4IH) 
6.H38,.*i6;i3i)0 
7.  (W.  (43, 31  HI 
7,37Jt,531.100 
7. 6110. 000. 000  ' 


0.(4)00 
0.0865 
0.  i:») 
0.1996 
0.38(U 
0.;B37 
0.:fiW3 
0. 4657 
0.5333 
0..T987 
0.6655 
0.8576 
1.0497 
1.3418 
1.4:i;i9 
1.63iU 
1.8183 
S.OKKi 
3.3U34 
3..'K)4<t 
2.5H67 
3.7788 

3.9:oi» 

3.1630 
3.a551 
3.547;j 
3. 7.J94 
3.9315 
4.1337 
4.3150 
4..'M)80 
4.8M()« 
5.35.36 
5.6364 
5.9993 
6.3723 
6.7450 
7. 1178 
7.4906 
7.8634 

8.3;«j 

8.6001 
8.9819 
9.  .3548 
9.7376 
10.  Km 
10.47;5J 
10.H462 
11.2190 
11.5918 
11.9646 
13.4628 
13.9610 
13.4.-M 
13.1i"i7:i 
14.45.r> 
14.1I5:{7 
15. 4519 
15.9501 
16.  44h:{ 
16.!t464 
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Table  No.  133. — Shotring  state  of  proposed  Salmon  River  i^seriH)ir  from  month 
to  month,  lS9i'  to  JS9S,  inclusive,  with  draft  therefrom  as  required  oy  Table  No. 
1.^5,  from  May  to  November,  inclusive, 

[In  Inches  on  tributary  catchment  area  of  190.5  square  miles.] 


Out 

Run- 

oflF. 

Month. 

Inflow 

Evap- 

to res- 

ora- 

ervoir. 

tion. 

(1) 

(2) 

(3) 

Outgo  from  reservoir. 


December 
January  . 
February . 
March  . 
April. 
May-. 
June . 
July... 
AuflTUHt. 
September. 

October 

November . 


December 

January 

February 

March 

AprU 

May.. 

June 

July.... 

AUgUHt     _ 

September 
October... 
November 


December 

January 

February 

March 

April 

May. 

June 

July 

August 

Septem>>er 

October.  . 

November 


December 

January 

February 

March 

Anril 

May 

June 

July 

August 

Septeml)er 

Octolwr. . 

NoveuilxT 


To 

stream 

0  50 

inch 


To     I 
(>anal  \ 

(3).ta-! 
blel35. 
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Table  No.  1'6'6,— Showing  state  of  proposed  Salmon  River  Reservoir  from  month 
to  month,  IS'JJ  U>  1S'.1),  inclusive,  witn  draft  therefrom  as  required  t)y  Table  No, 
Jo.'t,  from  May  to  Xovember,  inclusive— Continued, 


Outfiro  from  r»*8er voir.         j 


Month. 


(1) 


Run-  i 
off.    I 
Inflow    Evap- 
to  ros- .    ora- 
ervoir.,    tion. 


To  To 

.*™,r,    *'anal 


(3j 


(4) 


1896.  I 

April «.20  0.10 

May l.ix  0.18 

June 1.18  0.22 

July 0.?i  0.18 

August 0.«3  0.19 

September 0.71  0.15 

October 1.05,  0.10 

November :  2.82  |  0.04 

Total 23.(K]  I  1.2U 


1897. 


December  . 

January  

February 

March 

April 

May 

June — 

July 

An{^8t 

September... 

October 

November . . . 


Total. 


December  . 
January  ... 
February . . 

March 

April 

May 

June 

July 

Augrust 

Sept«^mber . 

October 

November . 

Total. 


1898. 


1.77 
1.00 
0.90 
3.13  i 
4  rj  i 

3.04 
2.94 
2.74 
2.11 

o.«8  ; 

0.H5  ' 
2. 45 


0.(H 
0.02 
0.02 
0.05 
0.10 
0.18 
0.22 
0.18 
0.19 
0.15 
0. 10 
0  04 


0.50 
0.50 
0.50 
0.50 
0.»» 
O.oT) 
0.50 
0.5<l 

«.00 


0.50 
0.50 
0.50 
0.50 
O.-W  i 
0..'iO  I 
0.50  I 

0.50 ; 

0.50  ! 
0.50  ' 
0.50  I 
0.50  : 


.5) 

■**i.Hi" 

1.7« 

1.81 

1.81 

1.7« 

0.  lr> 

9.11 



1.76 
1.81 


2«.19|      1.2J)        U.OO  ,      3.57 


3.07 

1.97 

1.54) 

5.18 

3.40 

2.8:3 

1.30  I 

0.64 

l.:jo 

0.)I6 
2.f«  1 
2.29 

\7. 12 


ToUl 
outgo. 


0.60 
2.49 
2.48 
2.49 
2.50 
2.41 
0.76 
0.r4 

16. 40 


0.54 
0.52 
0.52 
0.55 
0.60 
0.68 
0.72 
0.68 
0.69 
2.41 
2.41 
0.54 


Ex- 
cesw. 


In  res- 

ciency.;**^^,"'^, 
month. 


Wasted 
from 
reser- 
voir. 


(10> 


5.60  ; 


10.86 


o.m 
o.rj2 
0.02 
0.05 
0.10 
0.18 
0.22 
0.18 
0.19 
0. 15 
0. 10 
1.04 

1.29 ; 


0. 50 
0.50 
0.50 
0.50 
0.50 
0.50 

o.r,o 

0..5O 
0.50 
0.5l> 
0.50 
0.50 


0.29 

2.28 


15. 18 


1.23 
0.51 
0.:i8 
2.68 
4.13 
2.36 
2.22 
2.06 
1.42 


''"i."3i" 

1.30 

13.50 
12. 19 
10.89 
9.12 
7.25 
5.55 
5.84 
8.12 

4.30 

1.  ti 
1.87 
1.70 

■ 
." ] 

7.95 

4.30 

1.93 


1.73 
1.76 


9.;J5 

10.24 
12.82 
13.50 
13.51) 
13.50 
13.50 
13.50 
11.77 
10.01 
11.94 


18.82  i      3.49  !. 


3.45 
2.36 
2.22 
2.06 
1.4^ 


0.54 

0.52 

0.52 

0.55 

0.60 

0.68 

1.72 

2.44 

1.81 

2.40 

1.81 

2.50 

1.76 

2.41 

0.17 

0.77 

0.54 

3.13 

13.50 

1.45 

13.50 

1.04 

13.50 

4.63 

13.50 

2.80 

13.50 

2.15 

13.50 

1.14 

12.:k5 

1.85 

10.51 

1.20 

9.31 

1.45 

7.H6 

1.25 

0.11 

1.75 

10.  HO 

6.(X)  i 


14.5<J  I     18.  Lt)         5.64 


11.51 


1.57 
1.45 

1.04 
4.63 
2.80 
2.15 


13.64 
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Table  No.  133  A.—Shoicing  Mtate  of  profHuted  Sabnon  Rm>r  Reservoir fnmi  month 
to  ninnth,  ISO.:  to  IHOS^  invluHive^  with  draft  therefrom  as  required  Ity  Table  Ao. 
i-^*  from  Maij  to  yoreml>er,  inelnsitH\ 

[In  iucheH  on  tributary  catchment  an  a  of  190.5  stiuure  luileM.  | 


Ontjjro  from  reservoir. 


Month. 


Run-  ' 
I     oft. 

Inflow  Eva]>- 
to  reH-  ora- 
ervoir.    tion. 


!     To 

canal 

"I  an  rc- 

(inired. 

column 


To 

stream 

0.50 

inch 


Total  I 
oatKo. 


Ex- 


Defl- 
ciency. 


I'r^yir  Wasted 

it  end     '«•«''» 
qj        re«er- 

month.     ^'<>*''- 


.1) 

«2) 

2  27 

2.22 

2^80 

5.:i5 
5.ai 

3.08 

2.  .18 
1.41 
1.10 
0.72 
1.89 

(3) 

(4) 

(5i 

^»J) 

(7) 
1.7:j 

4.31 
1.70 
1.25 
4. 75 
4.35 

2.:« 

1.70 
0.09 

l8» 

'  1.31* 
0.69 
0.38 

2.38 

lO) 

1.7:} 

6.04 
7.74 
8.99 
13.50 
13.50 
13.50 
13.  .nO 
13.50 
12.19 
11.50 
11.12 

(10) 

181C. 

Decem>)er 

January .. 

0.04 
0.02 
O.lfcJ 
OII5 
0. 10 
0.18 
0.22 
0.18 
019 
il  15 
(K  1(1 
0.(4 

0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0..50 
0.50 
0.50 
0.50 
0.50 
0. 50 

"o.'ttV 

1.7« 
1.81 
1.73 

0.54 
0.52 
0.52 
0.55 
O.HO 
0.08 
0.72 
0.(t8 

i.;k 

2.41 
2.41 
2.27 

February  

March 

April 

0  24 

May                      .      ... 

4  :)5 

June 

Julv                       

2.36 
1  70 

Au^Ht     

0  (10 

September            

C)ctol>pr 

November 

Total 

I.IB 
0.82 

2.11 
4.44 

5.71 
1.19 
0.fi5 
1.28 
1.70 
0.99 
0.90 

21.91 
1.85 

i.rj 

1.12 
3.78 
2.  7« 
1.94 
1.7« 
0.81 

o.h:^ 

0.47 
0.94 
1.58 

1.12 
0.99 
0.82 
1.08 
5.91 
1.7« 
0. 70 
0.fW( 
1.00 

0.  r>5 
o.«» 

2.08 

17. 4rt 

2.  79 
1.74 
1.12 

1.29 

6.00 

6.«:j 

L3.22 

22.24 



8.74 

1893. 
December 

0.04 

O.ne 

O.OB 
0.05 
0.10 
0.18 
0  22 
0.18 
0.19 
il  15 
0.10 
0.04 

•1.29 
0.04 

o.(e 

O02 
0.05 
0. 10 
0.18 
0.22 
0.18 
0.19 
0. 15 
0. 10 
0.(4 

1.29 

0.04 

(».(e 

0.02 
0.05 
0. 10 
0.18 
0.22 
0.18 
0.19 
0. 15 
0. 10 
0(4 

~i.2ir 

0. 04 
0.02 
0.02 

0.50 
0.50 
0.50 
0.50 
0.50 
O50 
0.50 
0.50 
0.50 
0.60 
0.50 
0.50 

(t.OO 

1.81 
1.81 
1.7« 
1.81 
1.70 

"lo^ 

0.54 
0.52 
0.52 
0.55 
O.flO 
0.68 
2.48 
2.49 
2  50 
2.41 
2.41 

2.:» 

18.00 

0.49 
0.30 
0.57 
l.M 
3.84 
5.03 

■■*i.*29' 
1.84 
1.22 
0.71 
1.42 
1.40 

11.61 

11.91 

12.48 

13.60 

13.60 

13.60 

11.21 

9.87 

8.15 

7.44 

6.02 

4.62 

January  

February  

March 

0  54 

April 

3  84 

fiSy :..:.    : 

5  08 

Jane 

July 

AufruHt 

September 

Octoljer 

November 

Total 

11.79 

1.31 
1.21 
O.(M) 
3.23 
2.16 
1.26 
0.82 

7.88 

5.93 
7.14 
7.74 
10.97 
13. 13 
13.50 
13.50 
11.82 
9.95 
8.01 
6.54 
5.87 

9.41 

1894. 
December 

0.50 
0.50 
0.50 
0.50 
O50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0. 50 

».00 

0. 50 
0.50 
0..50 
0.50 
0.50 
0. 50 
0.51) 
O.-W 
0.50 
0. 50 
(».  50 
0.50 

(i.OO 

0. 50 
0.  .V) 
0.50 

"6.22* 
1.81 
1.81 
1.7(i 
1.81 
1.71 

~ri2 

0.54 
0. 52 
0.52 
0.55 
O.flO 
0.68 
(I.W 
2.49 
2.50 
2.41 
2.41 
2.25 

January  

February 

March 



1.87 
1.94 
1.47 
0.67 

April 

May 

0  89 

June 

0  83 

July 

Au^8t 

September 

Octol>er 

November 

Total 

10.69 

0.58 
a  47 
0/M 
0.5.3 
5.31 

"aoi' 

7.6:}    



1  71 

1895. 
December 

■"*i'8i" 

1.7rt 
1.81 
1.81 
1.7« 
1.81 
1.53 

0.54 
0.52 
0.52 
0.55 
0.60 
2.49 
2.48 
2.49 
2.50 
2.41 
2.41 
2.07 

:::::::: 





'(").*  73 
1.78 
1.83 
1.5(1 
1.76 
1.72 

6.45 
6.92 
7.22 
7.75 
13.06 
12.33 
10.55 
8.72 
7.22 
5.46 
3.74 
3.75 

January  

February   

March  

April 

May 



Juno    .      ... 

July 



Au^iHt  .                .  . 

Septeml>er • 

October 

November 

Total 

12  29 


19.58 

0.54 
a  52 
0.52 

7.20 

2.2.5 
1.22 
0.60 

9.32 

1S1*H. 
Decemlxjr            

:::::::: 

6.00 
7.22 

7.82 

Januarv  - 

February  
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Table  No.  133  A, — Showhig  staff  of  ptojiosM  Salmon  Riffer  Reseri^nr  from  month 
to  month,  ISOJ  to  ISitS,  invtufa'tr,  with  draff  therefrom  att  required  by  Table  No, 
lS4tfrorti  May  to  yovemlK'ry  incUtsi ve—i!outinwed. 


Run 

off. 
Inflow 
to  res- 
ervoir. 

Out 

Evap- 
ora- 
tion. 

(3) 

tco  from  reservoir. 

Ex- 

cess. 

1 

Month. 

To 

stream 
().5() 
inch 
l>er 

month. 

(4) 

To 
canal 
as  re- 
quired, 
column 
(5).  Ta- 
ble 134. 

Total 
outgo. 

Defi- 
ciency. 

In  res- 
ervoir 
at  end 

of 
month- 

(9) 

ia76 

13.50 
12.19 
10.89 
9.13 
7.35 
5.55 
6.00 

Wasted 
from 
reser- 
voir. 

(1) 

(2) 

(5) 

(6) 

(7) 

""i."3i' 

1.30 
1.77 
1.87 
1.70 

(10) 

1896. 
March 

3.49 

6.  a) 

l.lK 
1.18 
0. 73 
0.6:^ 
0.71 
l.(fi 
2.83 

23.6:j 

1.77 
1.(13 
0.9(> 
3.13 
4.73 
3.(4 
2.94 
2  74 
3.11 

o.as 

0.65 
2.47 

0.05 
0. 10 
0.18 
0.23 
0.18 
0.19 
0. 15 
0.10 
0.04 

O.lH 
0.02 

o.ie 

0.05 
0.10 
O.IH 
(1.23 
0.18 
0.19 
(1. 15 
(1.10 
0.(>4 

0. 50 

0.55 
0.60 
2.49 
2.48 
2.49 
2.50 
2.41 
0.60 
0.54 

16^ 

0.54 
0.53 
0.53 
0.55 
0.60 
0.68 
0.73 
0.68 
0.6SI 
2.41 
2.41 
1.32 

2.94 
5.60 

'"(V45" 

2.28 

~i5.ir 

1.33 

0.51 
0.38 
3.58 
4.13 
3.36 
2.22 
2.06 
1.42 

"i.'i.V 

April  

0.50      

0.50         1.81 
(l..5()         1.76 
0.5«)         1.81 
0.50         1.81 
0. 50         1.  76 

0.50    

0.50 

2.86 

Mky 

June  --..... 

July 

August .- 

Septenaber 

October  

November 

6.00 

0.50 
0. 50 

8.95 

Total 

7  95 

2.86 



1897. 
December 

1 
0  51 

January , 

'"i.Tii 
1.76 

1(K02 
10.4<» 
13.98 
13.50 
13.50 
13.50 
13.  .^io 
13. 50 
11.77 
1001 

February 

0.50    

0.50 

0.50  ■ 

0.50    

0.60  j 

0.50    

0.50  , 

0.50-      1.76 
0.«J  1      1.81 
0.50  1      0.78 

March 

April 

3  61 

Mky 

2.36 

June .- .- 

2.22 

July 

2.06 

AUfTUSt -.-.-. 

1.42 

September 

October 

November 

:  11.16 

3.49 

1       13..T() 

Total 

36.19 

3.67 
1.97 
1.56 
5.  IS 
3.t(» 
2.S.3 
l.:)0 
0.64 
1.30 
0.90 
2.(B 

37.13 

1.2J» 

0.04 
0.03 
0.02 
0.05 
0. 10 
0.18 
0.32 
0.18 
(M9 
(1. 15 
0. 10 
0.04 

1.39 

6.(1)        4.:J5 

11.64 

18.04 

11.67 

1808. 
Deoeml)er 

0.50  ' 

0.50    

(J.50    

{».50    

O.-'iO    

0.50    

0.50         1-76 

0.M 
0.52 
0.52 
0.55 
0.60 
0.68 
2.48 
3.49 
2.50 
3.41 
1.45 
().r>4 

3.13 
1.45 
1.04 
4.6!) 

3.80 
3. 15 

"6.57 
1.75 

0.79 

January     .    ...... 

13.50 
13.50 
13. 50 
13  50 

1  45 

February 

l.(»4 

March 

4.6!) 

April 

2.80 

Miy :.:...:...:.:.:... 

13.50 

1.18  '    13.33 

2.16 

June 

July 

0.50 
0.50 
(1.50 
0.5O 

l.sl 
1.81 
1.76 
0  H5 

1.85 
1.30 
1.45 

10. 47 
9.27 

7.82 
8.39 
10.14 

Auirust 

K«»ptember . . . 

October 

November 

0.50  ] 

Total..... 

6.00 

7.W 

15. 3s 

17.53 

5.68 



12.86 

It  is  evident  from  the  foi-egoiiig  tabulations  that  Salmon  River  res- 
ervoir is  capable  of  yieldinj^,  in  an  emergency,  (»onsi<lerably  more- water 
in  the  canal  than  the  tabulatell  quantities.  The  quantity  still  in  the 
reservoir  at  the  end  of  the  dry  year  1895  is  5.19  inches  on  the  catch- 
ment area,  or  about  2,250,000,000  cubic  feet. 

DISCUSSION   OF  THE   PROPOSED   BLACK   KIVKK   FEEDER. 

We  may  now  take  up  a  discussion  of  the  feeder  line  as  surveyed 
from  Carthage  to  near  Fort  Bull,  via  Rutland  Hollow,  Sandy  Creek, 
and  West  Branch  of  Fisli  Creek,  etc.,  as  shown  in  general  outline  on 
plate  0.*].  When  the  surveys  for  tliis  feed«?r  were  begun,  the  latter  part 
of  August,  1898,  the  datum  assumed  was  crest  of  State  dam  at  Car- 
thage, taken  at  elevation  723.5.*].     At  that  time  it  was  considered  that 
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this  elevation  was  very  nearly  correct ,  the  State  enjpneer  and  sur- 
veyor of  the  State  of  New  York  having  a  few  years  pi-eviously  run  a 
line  of  levels  from  Rome  to  C^arthage  and  correcting  previous  eleva- 
tion of  Carthage  dam  ])y  2.13  feet.  It  api)eared,  however,  when  the 
feeder  levels  were  finally  connected  with  those  of  the  main  ship  canal 
near  New  London,  that  there  was  a  difference  of  3.79  feet.  The  fol- 
lowing are  the  determined  elevations  at  ])enc]i  mark  No.  45  of  main 
ship-canal  survey: 

Fedt. 
Elevation  of  bench  at  New  London  of  main  ship-canal  snrvey,  as  per  Mr. 

Himes 409.22 

Elevation  of  this  bench  as  per  feeder  survey 405.43 

Difference .....      8.79 

Hence  it  api>ear8  that  the  feeder-line  levels  are  lower  than  the 
main  ship-canal  levels  by  the  foregoing  amount,  which  fact  should  be 
taken  into  account  in  comparing  the  two  surveys  where  they  join 
together  near  Fort  Bull. 

The  feeder-line  levels  have  all  been  checked  from  Carthage  to  Fort 
Bull,  and,  aside  fi'om  the  initial  difference  in  datum  referred  to  in  the 
foregoing,  are  believed  to  be  right. 

Taking  into  account  the  foregoing  difference  of  levels  of  3.79  feet, 
the  elevation  of  Oswego-Mohawk  summit  level  lK»comes  411.21  feet, 
instead  of  415,  as  i)er  main  ship-canal  survey.  All  elevations  follow- 
ing are  corrected  to  conform  to  main  ship-canal  survey. 

Station  Oof  the  feeder  line  l)egins  at  the  west  bank  of  Black  River, 
near  the  west  end  of  the  State  dam.  The  canal  proper,  however,  is 
extended  up  the  river  from  this  point  al)out  l,(X)Ofeet  to  the  main 
barrage  across  Black  River.  Dam  No.  2,  which  extends  from  oppo- 
site station  0  of  the  feeder  line  to  the  main  barrage,  separates  this 
portion  of  the  canal  from  the  main  pimd  alK)ve  the  State  dam.  Dam 
No.  2  is  rendered  necessary,  not  only  lx>cause  it  has  been  deemed 
desirable  to  make  the  water  surface  of  the  canal  (>  feet  al)Ove  crest 
of  State  dam,  or  at  elevation  733.3,  but  further  in  order  to  abso- 
lutely separate  canal  water  from  compensation  water  to  the  river,  the 
arrangements  of  the  main  barrage  being  such  as  to  i)ermit  of  discharg- 
ing the  proper  quantity  to  the  canal  absolutely  without  reference  to 
the  quantity  to  the  river,  there  Ixnug.  separate  sluices  for  each  sup 
ply.  By  carrying  out  this  arrangement  a  prolific  source  of  dispute 
l)etwe(»n  iiiill  ownei*s  on  Black  River  and  canal  authorities  will  ]>e 
eliminated. 

In  the  preliminary  studies  it  was  assumed  that  this  feeder  would, 
at  times,  be  required  to  deliver  from  l,80r)  to  2,000  cubic  feet  per 
second,  and  that  the  allowable  maximum  velocity  in  firm  earth  sec- 
tions might  be  taken  at  from  2  to  about  2.5  linear  feet  i)er  second. 
Tliis  velocity,  it  was  considered,  wouM  be  swift  enough  to  prevent 
the  gi'owth  of  weeds  or  the  deposition  of  silt,  and  at  the  same 
time  would  not  seriously  ero<le  tJie  heavy  soils  with  which  we  have 
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mostly  to  deal  on  this  wofk.  A  mean  velocity  of  about  1.0  to  2.5 
linear  feet  i)er  second  for  the  assumed  cross  sections  gives,  roundly, 
a  grade  of  1  foot  per  mile,  which  is  the  grade  generally  used,  except 
in  rock  sections,  where  higher  grades,  with  the  conse<iuent  higher 
velocities,  are  permissible.  The  limit  and  extent  of  such  nuiy  be 
seen  by  referenci*  to  the  data  on  the  profile  ami  to  the  tabulations 
following.  As  the  study  proceeded  and  estimates  of  quantity  of 
water  to  bet^iken  from  Black  River  in  diffeivnt  years  were  perfected, 
it  was  found  that  the  quantity  would  not  only  l)e  somewhat  smaller 
than  originally  assumed,  but  that  in  years  of  maximum,  or  nearly 
maximum  run-off,  tho  quantity  to  be  taken  would  be  quite  small. 
Thus,  from  Table  No.  134,  which  gives  in  column  ('J)  the  quantity  of 
water  to  be  taken  from  Black  River  in  each  month  for  the  water  years 
1802  to  180H,  inclusive,  it  appears  that  with  the  large  run-ofTs  of  the 
yeai'S  1802  and  1807  it  would  only  be  neces.sary  to  take  water  from 
Black  River  during  two  months  of  those  yeai'S,  namely,  September  and 
October  in  1802,  and  the  same  months  in  1807.  In  1808  water  would 
be  taken  during  the  three  months,  July,  August,  and  September, 
while  in  a  dry  year,  like  1805,  water  would  require  to  be  taken  from 
May  to  Octol>er,  in(;lusive.  The  establishing  of  this  fact  led  to  some 
new  views  as  to  the  (coefficient  of  rugosity  properly  applicable  to  this 
feeder.  The  original  computations  were  on  the  basis  of  a  value  of  n 
of  0.025  in  the  Kutter  formula,  but  when  it  is  learned  that  the  feeder, 
in  wet  yeai-s,  may  be  used  only  two  months  and  will  be,  consequently, 
subject  to  rank  vegetable  growth,  it  was  at  once  apparent  that  the 
value  of  n  of  0.025  would  be  too  small.  Taking  into  account  such 
sources  of  retardation,  as  well  as  the  fact  that  a  channel  of  this  char- 
acter, used  intermittently,  will  not  be  as  well  taken  care  of  a.s  though 
in  constant  servi<*e,  it  lias  seemed  safer  to  mostly  use  a  value  of  //.  of 
0.035,  except  in  narrow,  deep  rock  cuts,  where  the  depth  of  water  has 
been  made  from  18  to  20  feet,  with  consequent  inci*eased  value  of  r, 
in  which  cases  a  value  of  n  of  0.031  has  been  used.  This  view  is 
further  enforced  by  considering  that  the  feeder  channel  will  l>e  sub- 
ject at  all  seasons  to  inflow  of  flood  waters  from  many  side  hill  streams, 
which  will  bring  down  detritus  to  form  bars  and  obstructions  generally. 
The  cross  currents  and  eddies  proiluced  by  such  obstructions  will 
tend  to  reduce  the  mean  velocity.  It  is  proposed  to  channel  the  sides 
of  the  rock  cuts  and,  excei)t  for  the  fact  that  the  nearly  vertical  side 
walls  may  Ih»  expected  to  slough  off,  causing  obstructions  in  the  lK)t- 
tom,  the  valu(*  of  n  for  such  sections  could  be  taken  somewhat  lower. 
Again,  there  are  a  few  places  where  the  earth  sIojmjs  may  i)0ssibly 
show  a  tendency  to  slide  and  which  should  be  protected  by  growths 
of  willows,  which,  when  growing  along  the  margins  and  lopping  over 
into  the  water,  will  further  tend  to  n^tard  flow.  These  several  retard- 
ing causes  appear  to  imlirate  the  propriety  of  using  a  maximum  value 
of  n  of  about  0.035.     On  the  other  hand,  wh(;n  the  channel  is  new  and 
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the  bottom  an<l  sides  in  good  order,  we  may  exi>ect  flows  equivalent 
to  a  value  of  n  of  about  0.025. to  n.(K30.  Depending,  then,  on  the  con- 
dition of  the  channel,  values  of  a  may  be  expected  to  vary  from  0.025 
to  0.035.  It  is  fully  recognized,  in  short,  that  tliere  is  no  such  thing 
as  positively  defining  the  flow  through  a  channel  of  this  character, 
subject  to  the  mutations  of  extreme  flood  flow  at  one  time  and  heavy 
vegetable  growths  at  another.  It  is  considered  that  the  proper  treat- 
ment is  to  design  the  channel  large  enough  to  carry  the  maximum 
qimntity  under  the  most  a<lvei*se  conditions.  It  is  from  this  jwint  of 
view  that  the  sections  have  been  provisionally  adopted  as  shown. 

In  regard  to  tlie  cross  sections,  it  may  be  remarked  that  the  feeder 
has  been  nominally  designed  to  carry  from  Carthage  to  Sandy  Creek 
(Dam  No.  8)  1,600  cubic  feet  per  second.  From  Dam  No.  8  (station 
138*.)4-50)  to  the  head  waters  of  Fish  C-i*eek  at  Kasoag  the  channel  is 
designe<l  to  carry  1,1(X)  cubic  feet. per  second,  and  from  Fish  Creek 
(station  42974-70)  to  main  ship  canal  near  Fort  Bull  the  cross  sections 
have  l)een  designed  to  carry  1,200  cubic  feet  per  second.  Quantities 
on  these  several  secticms,  however,  are  somewiiat  relative.  Through- 
out its  whole  extent  the  feeder  is  further  designed  with  reference  to 
carrying  large  flood  flows,  so  that  by  slight  forcing  of  the  smaller  sec- 
tions an  additional  amount  of  water  could  be  passed  tlirough,  if  neces- 
sary, the  figures  as  given  in  the  foregoing  representing  merely  the 
assumed  <»apacities  when  little  or  no  wat^r  is  passing  except  that 
required  for  canal  supply.  The  reasons  for  reducing  the  section 
materially  below  Dam  No.  8  on  Sandy  Creek  will  be  given  further  on. 

As  shown  in  Floo<l  Flows  of  Streams  in  the  State  of  New  York,  the 
run-olTs  from  the  tributary  streams,  especially  at  the  upper  end  of 
Black  River  feeder,  are  very  large.  As  there  seems  to  be  no  way  to 
avoid  taking  these  streams  directly  into  the  feeder  discharging  flood 
w^aters  at  convenient  points,  it  became  imperative  that  the  channel  be 
made  of  liberal  dimensions  in  order  to  prevent  catastrophies  with 
extreme  flood  flows.  These  several  considerations  are  stated  as  fur- 
ther reasons  for  assuming  a  rather  high  value  of  n.  As  to  the  values 
of  n  used  for  each  section,  refer  to  data  given  with  tabulation  of  cross 
sections  following. 

As  showMi  on  the  profile,  plate  140,  from  station  0  to  station  18  the 
feeder  is  made  81  feet  wide  and  10  feet  deep,  with  substantial  retain- 
ing walls  at  each  si<le.  From  station  18  to  station  107  4-  20  the  chan- 
nel is  an  open  cut  with  bottom  in  rock  for  the  whole  distance.  From 
station  120  to  station  170  the  work  is  in  tunnel  with  a  cross  section  of 
20  feet  by  17.5  feet.  For  this  section  we  have  ^  =  0.031  and  r  =  4.(» 
linear  feet  per  second.  From  station  170  to  station  531  the  feeder  is 
an  open  cut  with  the  bottom  entirely  in  rock,  except  for  a  few  hun- 
dred feet  at  about  station  310,  and  also  for  a  few  hundi*ed  feet  at  about 
station  3S2.  At  station  530  the  feeder  enters  the  head  of  Rutland 
Hollow,  occupying  a  natural  valley  to  station  070,  at  which  point  the 
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bottom  of  llu*  valley  is  at  an  elevation  of  »')75.  Dam  No.  (\  at  this 
point  raises  the  water  to  the  elevation  71 G. 5,  thus  creating  an  extensive 
pond  in  Rutland  Hollow.  From  station  072  +  K)  to  station  1*27  +  .*30 
the  line  crosses  by  a  deep  rock  cut  through  the  divide,  separating 
Rutland  Hollow  from  West  Branch  of  Sandy  Creek.  The  channel  is 
in  rock  throughout  tliis  entire  section,  except  for  about  1,2<H1  feet  at 
Dam  No.  7  (station  770).  The  cross  sections,  values  of  ?/,  mean 
velocity,  sIoik»,  etc.,  are  given  on  profile  and  in  flie  table  following. 
From  about  station  872  +  70  to  027  +  *U)  the  artificial  channel  is,  in 
effect,  a  mere  drainage  ditch  for  the  purpose  of  draining  the  i^ock  cut 
when  ne(»essary  for  cleaning  or  repairs.  On  the  general  question  of 
drainage  it  may  l)e  remarked  that  th(»  whole  feeder  has  l)een  designed 
with  drainage  ditches,  when  necessary,  in  the  bottom,  in  order  to 
drain  the  work  if  required.  Tliroughout  the  whole  section  from  sta- 
tion 872  +  70  to  Sfindy  Creek  (Dalii  No.  8)  it  is  proposed  to  take  a 
right  of  way  wide  enough  to  cover  all  contingencies,  allowing  the 
water  to  pui^sue  its  own  course  through  the  valley,  this  being  con- 
sidered more  economical  than  to  attempt  to  rectify  the  meandering 
creek  channel. 

The  main  dam  on  Sandy  Creek  (No.  S),  opposite  station  1305  +  00, 
is  to  be  of  earth,  20  feet  wide  at  the  top,  with  2.5  to  1  slopc^s  on  the 
upstream  side  and  2  to  1  slope  on  the  downstream  side,  paved  on  the 
upstr(»am  slope  and  sodded  on  the  downstream.  Ordinarily  the  earth 
dams  have  b(M»n  ma<le  15 feet  wi<le  (m  top,  but  Dam  No.  Hand  afewothei^s 
have  Ikhmi  incn»ased  to20  feet  in  order  to  accommodatiMiew  wagon  roads 
crossing  the  tops.  On  the  north  side  of  the  valley  the  Trenton  lime- 
stone apjK^ars  in  a  ledge  at  the  surface  of  the  ground,  but  dropping 
off  nearly  vertically.  To  the  south  of  this  ledge  of  Trenton  limestone, 
from  25  to  30  feet  below  the  creek  bottom,  a  sliale  rock  is  found. 
Tlie  foundation  of  Dam  No.  8  is  cut  well  into  the  shale. 

A  substantial  core  wall  of  mas(mry  is  carried  up  from  the  shale 
rock  foundation  to  within  3  feet  of  the  extreme  top  of  the  dam.  The 
natural  catchment  area  of  Sandy  Creek  above  Dam  No.  8  is  107  sciuare 
miles,  from  which  there  may  be  expected  flood  flows  of  about  ICK) 
cubic  feet  per  second  per  square  mile,  or  a  total  of,  p«M*haps,  10,000 
cubic  feet  per  second.  To  accommodate  such  flood  flows  the  spillway 
has  lx>en  made  of  liberal  length  and  provided  with  an  inexpensive  form 
of  movable  crest,  to  1h»  operated  by  mechanical  appliances  driven  by 
a  turbine  water  wheel.  This  movable  <»rest,  when  in  place,  is  at  an 
elevation  of  <*>  inches  al)ove  the  water  surface  of  the  pond,  which  is 
tAken  at  elevation  050.7. 

While  on  the  subject  of  dams,  it  may  bo  remarked  that,  generally 
speaking,  the  dams  have  ])een  designed  with  the  extreme  tops  (>  feet 
above  the  ordinary  flow  line  of  th(»  fee<ler,  although  in  a  few  cases 
they  have  been  made  in  f(M»t.  Earth  dams  have  all  lM»en  designed 
with  2.5  to  1  paved  sloi)es  on  tin*  water  side  and  2  to  1  sodded  slopes 
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on  the  downstream  side,  and  with  12  inches  of  lining  under  the  paving 
and  12  inches  of  soiling  under  the  sod.  The  more  important  earth 
dams  have  masonry  core  walls,  wliich,  generally  speaking,  have  l)een 
carried  down  and  well  into  the  rock.  In  a  few  cases,  however,  foun- 
dations for  core  walls  hav(*  been  made  on  hardpan  or  firm  clay. 

The  main  barrage  on  Hlack  River  (Dam  No.  1);  the  two  damson 
Salmon  River  (Nos.  o3  and  73);  Dam  No.  0,  on  South  Branch  Sandy 
Creek;  Dam  No.  11,  on  Deer  Creek;  Dam  No.  12,  on  Loraine  Brook, 
and  Dam  No.  00,  on  West  Branch  of  Fish  Creek,  an^  designed  to  be 
substantial  masonry  constructions,  cross  sections  for  all  of  which  are 
given  in  the  manuscript  sheets  of  cross  section.  A  considerable 
number  of  the  dams  are  provided  with  spillways  with  paved  or  concrete 
wasU^ways,  etc.,  as  is  deemed  necessary  for  proper  discharge  of  flood 
wat/i»rs. 

From  station  1380  +  50,  where  the  feeder  leaves  the  Sandy  Creek 
pond  (Dam  No.  8),  to  station  2004+  30,  at  the  south  end  of  the  lower 
Kasoag  pon<l,  where  the  feeder  enters  the  head  waters  of  the  West 
Branch  of  Fish  Creek,  the  grade,  except  through  the  several  ponds,  is 
substantially  1  foot  per  mile.  On  this  section  there  are  33  ponds,  all 
of  which,  witli  the  exception  of  3,  are  formed  by  throwinu:  dams  across 
valleys.  The  exceptions  are  the  upper,  middle,  and  lower  Kasoag 
ponds,  whicli  are  natural,  and  which  have  been  taken  advantage  of  as 
part  of  the  line  of  the  feeder.  There  are  also  two  vertical  drops — one 
at  Dani  No.  57,  where  the  feeder  enters  the  upper  Kasoag  pond,  and 
Dam  No.  58,  where  it  leaves  the  lower  Kasoag  pond.  There  are  also 
a  number  of  i)laces  wh(»re  it  has  been  deemed  desirable  to  make  dam 
constructions  at  points  where  the  water  surface  of  feeder  is  either  at 
or  a  little  above  the  natural  surface.  Moreover,  there  are  a  number 
of  places  where  the  assumed  water  surface  of  feeder  is  very  near  the 
natural  surface,  but  where  it  has  been  considered  not  worth  wiiile  to 
make  six»cial  constructions.  At  all  such  places  it  is  proposed  to  form 
an  embankment  with  t  he  spoil  from  t  he  excavation,  carrying  t  he  same  to 
heights  of  from  5  to  10  feet  above  tlie  natural  surface,  as  may  be  neces- 
sary to  insure  saf<*ty  during  flood  flow.  At  pointsofthischaracler  where 
it  has  been  deemed  necessary  to  make  special  constructions  the  nat- 
ural surfacM'  slop(»s  rapi<lly  away  from  the  feeder  line,  whereas  at  points 
where  special  constructions  are  considered  unnecessary,  but.  simple 
embankments  must  nevertlieless  be  constructed  for  protection  again.st 
flood  flows,  the  natural  surface  is  flat  on  the  lower  side  of  the  feeder. 

On  the  section  of  feeder  from  Sandy  Creek  to  Kasoag,  for  a  consid- 
erable portion  of  the  way  the  excavation  is  in  shale  rock,  sandstone, 
and  har<li)an.  It  is  consi<lere(l  that  for  the  most  of  this  section  the 
material  will  retain  water.  In  the  vicinity  of  Salmon  River,  however, 
from  about  station  2o2o  to  station  2035  the  excavation  is  in  gravel, 
which  was  found  on  test  to  not  be  watertight.  This  section  of  the 
canal  will  n^iuire  careful  puddling  and  probably  riprap  to  hold  the 
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puddle  in  place.  The  material  for  pudtlhHmay  l>e  obtained  within  a 
reasonable  distance. 

The  crossing  of  Sabnon  Kiver  is  made  by  Dam  No.  />:{,  provision 
bein^i:  made  to  drain  this  dam  when  necessary  for  cleaninji:  or  re])air8. 
To  the  south  of  Salmon  Kiver  the  line  passes  from  about  station  1J710 
to  station  27S(),  through  a  swamp  now  subj<*ct  to  more  or  less  constant 
flooding  from  Heaver  Dam  Hnmk.  The  material  of  this  swamp  is  soft 
muck  which,  when  seen  in  sample,  will  apparently  stand  »nly  at 
exceedingly  flat  slopes,  but  in  actual  fact,  however,  alon^  the  Beaver 
Dam  Brook,  where  it  is  interlaced  with  roots,  it  stands  at  about  1  to  1 
slope.  It  is  not  considered,  therefore,  that  there  will  Ih»  any  difficulty 
in  making  the  feeder  excavation  through  this  section.  In  order  to 
maintain  the  water  level  of  the  swamp  it  is  proposeil  to  construct  a 
small  timber  dam  at  a  narrow  pass  2,()<h)  feet  west  of  station  2735. 

The  original  design  contemplated  a  series  of  dikes,  beginning  at 
about  station  2530  and  extending  to  opposite  station  2575  and  includ- 
ing Dams  Nos.  47-52,  inclusive,  and  making  a  pcmd  extending  from 
station  2531+50  to  2830+20.  The  surveys  had  apparently  indicated 
a  series  of  glacial  ridges  on  this  section,  presumably  with  hardpan 
not  far  below  the  surface.  The  borings,  however,  showe<l  that  instead 
of  lx*ing  glacfial  ridges  they  were  sand  ridges,  formed  by  the  action  of 
flowing  and  e<l<lying  water,  several  of  them  showing  open,  iK>rous 
sand  to  considerable  depths,  whili*  at  Dam  No.  5o,  the  closure  of  the 
outflowing  stream,  the  borings  developed  quick.sand  to  <*onsiderable 
depth.  These  several  objectionable  features  seem  to  nnuler  the  dikes 
on  this  section  impracticable.  The  pond  was  accordingly  abandoned 
and  a  new  line  located  along  the  side  hill  to  the  northeast,  the  new 
line  iHMiigthe  section  already  described  as  lying  in  gravel  and  nniuiring 
puddle  with  ov(»rlying  riprap. 

At  station  2!M)4+3o,  at  the  lower  end  of  Kasoag  ponds,  there  is  a 
natural  dike  15  fe(»t  in  height,  which  now  retains  the  water  of  those 
ponds.  The  vertical  <lrop  from  the  lower  pond  to  the  channel  of  Fish 
Creek  below  has  been  lo(*ated  at  near  the  east  end  of  this  dike.  The 
balance  of  the  dike  is  to  l)e  strengthened  with  waste  material  from 
the  spillway  excavation. 

Below  Kasoag  ponds  the  feeder  enters  West  Branch  of  Fish  Creek. 
For  several  miles  th(^  channel  is  narrow  an<l  incapable  of  carrying 
the  ordinary  feeder  flows  in  additicm  to  flood  flows.  The  areas  at  the 
side  are  l<»vcl  and  in  plac(*s  swampy  for  considerable  distances.  At 
Williamstown  there  are  two  <lams  (stations  3l0Sand  3132+50)  creating 
small  water  powers.  Below  Williamstown  the  channel  is  still  narrow 
and  tortuous,  with  occasional  swamj) areas  at  the  sides.  Above  West 
Camden  the  creek  flowsthrougli  Gifl'ord's  Lak(», about  1  mile  in  length, 
the  West  Camden  dam  (station  3420)  being  at  the  lower  end  of  said 
lake.  Below  West  Camdon  the  cross  section  of  the  stream  increases 
in  size,  lH»coming  large  ♦»nough  to  lake  the  ordinary  feeder  flows  w^th- 
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out  overflow,  except  at  time  of  flood.  Just  above  the  village  of  Cam- 
den, at  I)e  Lapp's  dam  (station  :}r,r)G),  it  is  proposed  to  make  a  cut-off 
flood-water  chaiiiK^l  throujrli  wliich  the  major  portion  of  the  flow  due 
to  the  feeder  can  be  taken  out  of  Fish  Creek  and  delivered  into  Mad 
River,  a  short  distance  to  the  east,  and  so  carried  around  the  village 
of  Camden  without  danger  of  overflow,  finally  again  flowing  into  Fish 
Creek,  the  situation  l)eing  complicated  there  by  three  water-power 
dams  in  the  heart  of  the  village.  There  are  also  two  water-power 
dams  on  Mad  River  below  the  point  where  the  flood-water  channel 
would  enter  that  stream,  but  it  is  considered  that  the  necessary  arrange- 
ments for  safely  passing  flood  flows  can  l>e  made  more  cheaply  on  Mad 
River  than  in  the  present  channel  of  West  Branch  of  Fish  Creek 
through  the  village  of  C-amden.  Below  Camden  and  between  that 
point  and  Dam  No.  .'54  (staticm  4302 -f  70),  where  the  lower  section  of 
the  feeder  lH»gins,  the  channel  is  deep  and  will  carry  the  feeder  water 
in  aihlition  to  the  flood  flows  without  serious  overflow.  Throughout 
the  whole  extent  of  West  Branch  of  Fish  Creek,  where  the  feeder 
wat4*r  is  likely  to  cause  overflow,  the  estimates  of  land  damages  have 
been  made  liberal  enough  to  cover  the  purchase  of  such  a  broad  strip 
as  to  insure  Government  ownc'i'ship  of  all  lands  which  can  by  any 
possibility  Ix*  affected.  Hence  it  has  api)eai'ed  unnecessary  to  expend 
anything  in  rectification  of  channel.  It  is  proposed,  however,  to,  so 
far  as  necessary,  purchase  the  existing  water  powers  on  West  l^raiich 
of  Fish  Creek  on  the  ground  that  the  present  power  dams  are  mostly 
temporary  (constructions  whi(*h,  while  suilicient  to  stand  flood  flows 
for  a  few  days  each  year,  are  insufficient  when  a  constant  addition  of, 
say,  1,L*00  cubic  fe(»t  per  second  is  made  to  the  stream.  The  effect  of 
not  purchasing  them  would  be  to  leave  the  onus  of  maintenance  upon 
the  ship  canal  management.  The  author's  view  is  that  the  proper 
procedure  is  to  compensate  the  ownei's  for  the  existing  structures, 
leaving  them  free  to  build  new  stru(*tures  ad<»quate  to  the  changed 
conditions,  but  without  any  claim  for  damages  on  account  of  the 
increased  flow,  new  constructions  to  be  made,  so  far  as  necessary,  for 
control  of  feeder  water,  subject  to  ai)proval  of  ship  canal  authorities. 
A  series  of  cross  sect  ions  of  the  Fish  Creek  channel  are  shown  on  the 
maps.  The  notes  of  these  sections,  together  with  outline  plans  and 
profiles  of  the  several  dams  on  West  Branch,  may  be  found  with  the 
notes  and  misceUaneous  papers  turned  in  to  your  Board.  It  has  not 
seemed  worth  while  to  plot  out  for  publication  these  cross-section 
plans  and  profiles. 

Dam  No.  54,  about  opposite  station  4302-f70,  is  a  meit?  divei'sion 
weir  for  the  purpose  of  turning  the  flow  in  the  channel  of  West  Branch 
of  Fish  Creek  into  the  feeder  channel.  The  relation  of  Dam  No.  54 
to  fee<ler  is,  as  sliown  on  map,  with  reference  to  utilization  of  basin 
abov(*  Dam  No.  54  for  catching  silt.  Arrangements  are  proposed  at 
this  dam  for  sluicing  out  the  silt  wlien  it  has  nearly  filled  the  pond. 
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At  station  4435  we  hav»»  Dam  No.  57  <T(>8sin^  East  Branch  of  Fish 
Creek,  which  is  tlesi^ncd  to  he  mainly  of  earth  with  masonry  spill- 
way with  substantial  win^  walls  and  paved  wasteway  channel  h*adin^ 
from  spillway  to  main  channel  of  cre(»k  below  Dam  No.  57  as  shown. 
The  general  design  of  the  several  i>aved  wasteway  channels  indicated 
on  the  maps  is  to  make,  in  every  case,  a  cut-off  wall,  which,  in  the 
present  case,  is  the  main  spillway  wall,  carrying  the  same  down  well 
onto  or  into  rock  or  hard,  stable  material,  as  the  case  may  be.  The 
paving  will  1h»  mostly  made  of  large  ])owlders,  set  in  (roncrete,  when 
necessary  for  permanent  construction  several  feet  in  thickness.  The 
points  where  such  spillwa}  s  are  located  are  indicated  on  the  maps, 
rendering  detailed  reference  to  each  unnecessary.  The  general  design 
on  which  the  estimates  have  been  pi'epared  is  the  same  for  all. 
Retaining  walls  are  proposed  for  confining  these  wasteway  channels, 
so  far  as  necessary.  From  Dams  Nos.  58  to  03,  inclusive,  the  founda- 
tions are  on  clay  at  some*  pla(*es,  as  shown  by  the  detailed  profiles  and 
cross  sections  sul)mitted,  to  considerable  depths.  The  borings  indi- 
cate that  these  clays  are  water-tight  and  while  careful  construction 
will  lx»  imperative,  it  is  l>elieved  that  there  is  no  difficulty  about 
making  this  section  of  the  feeder  safe. 

At  station  4577+40  the  feeder  leaves  the  artificial  iK)nd  created  by 
Dam  No.  03,  passing  into  what  is  lo<*ally  known  as  the  ''sand  plains," 
and  continues  substantially  therein  to  bi'tween  Dams  Nos.  65  and  00, 
when?  it  passes  into  the  broad  valley  of  Canada  and  Wood  ci*eeks. 

A  boring  was  nmde  near  station  451>3+4o,  where  main  north  and 
south  highway  from  llumaston  Station  to  New  London  crosses  feeder 
line.  The  boring  notes  show  that  from  0  to  40  feet  the  material  was 
quicksan<l  or  very  fine  sand,  except  that  at  30  feet  down  a  layer  of 
clay  0  inches  in  thickness  was  passed  through.  Water  appeared  in 
the  bore  hoh»  at  depth  of  12  feet.  The  depth  of  cutting  at  this  i)oint 
is  43  feet.  A  boring  was  also  made  at  Dam  No.  04,  l,r»0O  feet  west  of 
station  4074-f  40.  The  first  5  feet  develoiKMl  muck;  from  5  feet  to  70 
feet  quicksand  or  very  fine  sand.  Dam  No.  ()4  is,  however,  a  low  dam, 
raising  the  water  only  alM)ut  15  feet,  and  there  is  no  reason  why,  with 
thorough  construction',  a  water-tight  structure*  can  not  l>e  ma(h^  even 
on  this  unpromising  material. 

A  boring  was  made  also  at  station  4711,  which  developed  muck  for 
the  first  8  feet  and  white  sand  from  8  feet  to  13  feet. 

The  last  boring  was  at  station  478r»,  at  site  of  Dam  No.  05,  which 
developed  for  th(^  first  10  feet  red  sand,  and  from  19  to  30  feet  clay 
with  1^0  ]x»r  cent  of  c^oai^se  grav«d,  which  is  rejwrted  to  easily  hold 
water.  As  regards  borings  at  Dam  No.  00,  the  main  shij)  canal  survey 
made  a  boring  at  station  3f3l»-|-0:?,  which  is  reported  as  developing 
rock  28  feet  Ixdow  the  surface.  Estimates  for  Dam  No.  00,  the  main 
angle  of  which  is  about  5*m)  feet  north  of  the  said  boit,"  hole,  have  been 
prepared  on  this  basis. 
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Dam  No.  06,  barring  Canaxla  Creek,  has  l>eeii  provuled  with  a  spill* 
way  4(X)  feet  in  length  and  with  i)aved  wasteway  below.  This  is  more 
spillway  than  is  aetually  require<i  for  tlie  flood  flows  of  Canada  Creek, 
but  it  is  considered  that,  due  to  the  relation  wliich  this  portion  of  the 
feeder  ])ears  to  the  summit  level,  a  |K)rtion  of  the  flood  flows  of  Moliawk 
River  may  Ik»  <liseharg(Ml  over  this  spillway.  The  water  surface  ele 
vation  of  the  pond  above  Dam  No.  (»(>  has  been  placed  at  415,  which 
is  the  same  as  the  summit  level  of  the  ship  canal. 

Dam  No.  05  A  is  a  vertical  drop,  whereby  the  feedei  water  is  car- 
ried from  the  high  level  of  the  sand  plain  section  to  the  ship  canal 
summit  level. 

A  review  of  the  borings  easil}'^  shows  that  the  difticult  section  for 
construction  is  that  through  the  sand  plains,  from  station  4577  +  40 
to  about  station  4707  +  50,  a  distance  of  4. 17  mih»s.  For  a  portion  of 
the  way  the  material  is  dry,  not  possessing  the  quality  of  water-tight- 
ness. This  section,  while,  as  shown  on  the  profile,  in  deep  cut,  may 
be  expect^^d  to  excavate  cheaply  an<l  exi)editiously  at  the  iwrtions 
where  water  will  he  likely  to  give  tn)uble.  The  estimates  provide  for 
2  to  1  slopes,  covered  with  a  stiff  puddle  composed  of  sand,  gravel, 
and  clay,  mixed  in  such  proportion  as  to  insure  the  maximum  degree 
of  stiffness,  and,  as  an  extra  precaution,  to  be  held  in  place  by  a 
rough  riprap.  It  is  proposeil  to  extend  the  puddle  and  riprap  a  few 
feet  above  the  water  surface  in  onler  to  provide  against  dangerous 
erosion  at  time  of  flood  flows.  Above  the  puddle  and  riprap  the  slopes 
are  to  be  further  prote(*ted  by  growths  of  willows.  There  are  a  few 
other  points  along  the  feeder  line  where  similar  protection  with  wil- 
lows would  be  desirable  and  which  have  been  provided  for  in  the 
estimates. 
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Table  No.  134. — Showing  qnaniity  of  wafer  to  In*  fxtriiitihcd  by  streams  tributary 
to  profxtsed  feetler  line  and  main  canal,  together  with  the  quantity  tobe  taken 
from  Black  River  by  the  open  feeder,  ISO  J  to  1S96\  inclusive. 

[In  i:ubic  feet  i>er  second.] 
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Table  No.  1o4. — Showing  qtutntity  of  vniter  to  he  funiished  hij  streains  frQyntary 
to  proposed  feeder  Hue  and  main  canal,  etc. — Contiimed. 
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Table  No.  VW — Showimj  quantity  of  water  to  Ih>  furnished  hy  streams  ti^ibutai^ 
to  uro]}osed  (dternatii^  tunnel  linr  and  mttin  canaL  tixjether  with  the  quantity 
to  he  taken  from  Salmon  and  Black  rivers  reserroir^  isu.'  to  ISt*S.  inclusif^. 
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Table  No. 
to 


O.  135. — Shoxcing  ij^uaniitu  of  water  to  1m>  furnuihed  hy  streams  trilmtary 
proponed  alteniatn"^.  tunnel  Hue  and  main  canal,  etc, — Continned. 
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De<^ember 
January 
February 
Mar«?b 

April    I 

May \,'JiH) 

June ,  1.2fM» 

July    I  l,i<Ki  i 

August !  l.a«r 

September l,3(lf) 

October l,aif> 

November 1,2()0 


December . 
January. 
February  .. 

March 

April 

May . 

June  

July 

Aui^ust 

8eptc.»mber . 

OctoV>er 

November.. 


Deoomber . 
January... 
February  . 

March 

April 


1896. 


1.300 
l.aX) 

i.am 

1.300 
1,300 

i.ajo 

1.300 


aoo 

m) 

900  i 
300  : 
90 


May 1.3110  | 

June 1.300  , 

July 1.3a)  I 

AuKUHt    l,3i«M 

September ].3iiO 

Octol)er ...  l,30i»  , 

November '  l,3«n»  ! 


300  , 
:*)0  I 
300  ' 
3or) 
'.m  > 

3B 


:«8 

335  i 
399 

3.011 
574 
335 
191 
;Ci9 


705 


913 
5H7 
393 
1,138 
3.  HO 
3K7 
4<tt 
3a5 
31)7 

im 

1,117 


184 

170 

19ft  1 

161 

78 

113 

586,' 

396 

636  1 

8C)4 

57 

190 

♦1 

84 

34 

68 

37  1 

110 

32 

76 

34 

i  t 

146  1 

359 

398  1 

m\ 

143 

316 

395 

313 

906  1 

tm 

1.0&5  1 

970 

51 

llfcj 

131  . 

158 

73 

ii3 

61 

81 

48  , 

73 

.%41 

379 

3H7 

43H 

tW3  , 

485 

1.336  I 

3.441  , 

1. 131  I 

660 

a»i 

776 

630 

633 

1.300 


1,713  I 
J»4o  I 
900 
3.fi80  , 
4,138 
870  ' 
981  I 
701  I 
649 
615  I 
1.300  I 
1,833  I 


79 

0.05 

bH) 

0.34 

607 

0.3B 

434 

0.27 

570 

0.85 

567 

0.36 

DecemlK»r . 
January . . . 
February  . 


1897, 


579  '   238 
3:fi    3;t5  I 
'^  I   364 


351 
177 

184 


1.068 
747 
775  I 


330  i 
219 
499 
551  , 

585 


0.31 
0.14 
0.33 
0.:i5 
0.36 
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Table  No,  135. — Shounng  quant  if}/  of  laiter  to  t}e  furnished  by  streams  tributary 
to  proposed  alternative  tunnel  line  and  main  canal,  etc, — Continued. 


Months 


(1) 


1897. 


March.. 

April , 

May l.arM) 

June l,a)i) 

July ;  i.aM) 

August ,  l.aiO 

Bepteinber 1,3)0 


October 
November 


18{«. 


1.21)0 
1.300 


December 
January . . 
February. 

Marcn 

April 

May 

June i    i;a)0 

July l.JW) 

August !    l,3Ul> 

September 1.300 

October ;    1,300 

November 1,300 


1,300 
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Table  No.  1:J6. — Shairing  state  of  proposed  Black  River  Reaervoir  from  month  to 
month,  ma.*  to  I,sVS,  inclnsive,  irith  draft  therefrom  hythe  j)n>i)08ed  alternative 
tunnel  line, as  jter  column  {S)  of  Table  Ao.  /.>5,  and  with  i\'J()ff  cubic  feet  per  second 
going  to  Rlack  Rirer, 

I  fu  inchcH  on  tlie  tributary  catchment  area  of  1,m12.:2  Miuare  miles.] 


I 


Outfo  f  ram  roHnrolr. 


I 


Month. 


Run-  I 
oflF.  In- 
flow to  ■ 
ro»er-  lEvaix)- 


To 
stream 

'ubi<' 


voir,     ration.,  ^;°;^;' 


To 
'anal. 


Total 

OUtRO. 


Ex- 


Defl- 
'ciency. 


In  res- : 
ervoir  ' 
at  end 

of 
month. 


?)er8*»c-' 
on«l.    1 


(1) 


we. 

December 

January 4. 

February 

March  

April 

May 

June 

July 

Augurtt 1. 

Septeml)er 1. 

()<:tober '      0. 

November 1 


0.(e  I 

mm 

0.11 
().U 
II.  IK 

n.:>4  I 
u.  lu 
0.17 

0.11 

o.ott  ; 


1.40  I 

1.40   

\.M  I : 

1.40  I 

1.35    

1.44)      

l.:jr>  I  

1.44»' 

1.40 

1.:k  '     0  30 

1.40  U..'«) 

l.:i5    


rrt) 


1.4.-) 
1.4a 

i.a> , 

1.44i  , 

l.M 

l.M 

l.-W 

l.(V4 

1.50 

1.72 

l.Hl 

1.41 


(S) 


Wasted 
from 

reser- 
voir. 


aO) 


0.H2 
.3.41  I 
0.U3 
1.34  I 

3.49  i 
l.-W 
0.74  : 


0.4M 


0. 18  i 
0.«>  1 

1.09  : 


0.82 
4.2i 
6.16 
6.50 

10.  ao 

13.50 
13.50 
13.50 

13.  .-e 

12.70 
11.61 
12.09 


Total 33.I)H         l.:W  j     1«.4«        i».nO       1H.:J2    1      l.HU  I 


Decrember 
January  ... 
February . . 

March 

April 

May  

June 

July 

AufniHt 

September. 

OcU)l)er 

November . 

Total. 


IKtfi. 


1W»4. 

Decem>)er 

January 

February 

March 

April 

May 

June 

July 

Auifu^t    

Septemlier 

Octol>er 

November 

Tr>tal 


December  . 

January  

February .. 

March 

April 

May  

June 

July 

AUf^lMt 

Septemljor 
October  ... 
Noveml»er . 

Total. 


1««5. 


l.(E{ 
o.«2 
l.(» 
2.11 
4.44 
5. 71 
l.H* 
().rt5 
1.2S 
1.70  ' 
O.M)  , 
O.iM)  I 

21.JM  , 


1.H5 
1.73 
1.12 
3.7K 
2. 76 
l.»4 
1.76 
i».Ml 
O.tfJ 
0.47 
O.iM 

l.:»H 


O.05 

o.ie; 

O.U) 
IJ.06 
(Ul 
0. 13 

0.  IH  I 

(».2:J  ' 

0.20  ' 

:).  12  I 
on 

0.06 


1.44)     . 

1.40  I- 
1.26 
1.40    . 

i.a>  . 

1.40    . 
1.35 
1.40 
1.44)  . 

i.:k  , 

1.44)  I 

i.:« 


0.14 
0.38 
0.13 
0.10 
0.20 
0.17 


J 


1.45 
1.42 
1.29 
1.441 
1.46 
1.5:1 
1.67 
1.95 
1.73 
1.57 
1.71 
1.5K 


I 


0.415  I 

2.98 

4.1H 


0.42 
0.60 
0.20 


0.13  I 


0.48 
1.30 
0.45  I 

0.68  ; 


l.:io       16.46  ■      l.Ol  I    1M.«* 


o.a-) 
0. 02 

o.m 
0.10 

0.  13   : 

0.14 
4)21 

•).2r» 

0.14 

0.  10    : 

0.05 


1.44) 
1.44) 
1.26 
1  40 
].% 
1.44) 

l.:i5 

1.44) 
1.44) 
1.35  I 
1.44)  : 
1.35 


o.:« 
0.35 
0.31)  • 

0.20 


1».:17         1.2K       16.46 


Decemlier  . 
January  .. 


1H96. 


1.12 
0.99 
0.H2 
1.08 
5.91 
1.76 
0.  70 
O.tM 
1.00 
0  65 
0.69 
2.  OK 

17.46  i 


2.?.»  . 
1.74 


0.05 
O.IK  I 
0.4)3 
O.OiJ 
0.10  ' 
0. 12  ' 

o.3r) 
0.21 
0. 19 
0.19 
0. 12 
0.04  I 


1.40 
1.44) 
1.36 
1.44) 
1.% 
1.44) 

1.;^ 

1.44) 
1.44) 

l.;i5 

1.44) 
1.35 


1.45 
1.42 
1.29 
1.46 
1.45 
1.5.3  . 
1.49 
l.W  I. 
2.00    . 

1.69  . 

1.70  i 
1.40  ' 


0.44)  , 
0.31 


2.:k 

1.31 
0.41  ' 
0.27  I 


4).  18 


I  "an 


1.12  1 

1.37 

1.22 

0.76 


14).  44) 
14).  71 
10.  .54 
12.86 
13.50 
13.50 
13.50  ' 
12.:JK 
11.4)1  I 
9.79 
9.4K{ 
9.21  I 


0.38 
1.55 
0.74 


11.67    . 
11.07  i. 
10.87    . 
11.52    . 
13.50  ; 
13.50 
13.02 
11.72 
11.27 
11.40 
14).  6K 
14).  00 


I.41O 
4.18 


5. 18 


4).4S7 
0.41 
0.27 


1.07 


Is.Kl 


1.35 


o.(r, 
o.:w  , 
o.:i9  : 
4).  27  . 
o.:i5  I 
o.:« 


1.45 
1.42 
1.2») 
1.44V 
1.45 
1.57 
1.K9 
2.00 

\.m 

1.K9 
1.88 

l.:i9 


4.46 

0.19 


0.69  I 


0.:J3 
4).  43 
0.47 
0..*JK 


1.19 
1.34 
4).  86 
1.34  ' 
1.19 


1.:H       16.46 


1.76       19.55 


0.4U 
4).  02  I 


1.40  ■ 
1.44) 


1.44!      1.35    .... 
1.42  I      0.:t5    .... 


K.K8 
8.45 
7. 98 
7.410 
12.4)6 
12.25 
11.06 
9. 73 
K.86 
7.4B 
6.43 
7. 12 


K.47 
8.7!) 


I 
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Table  No.  136. — Showing  state  of  proix)»ed  Black  Riv>er  Reservoir  from  month  to 
vumthj  ISUi*  to  IS!*S\  ivclusive,  etc, — Con  tinned. 


Month. 


OiitKO  from  rwstTvoir. 


Run-  I 
oflf.  In-i 
flow  to  I 

voir.  I 


To 
Htream 

ration..  7^4^    canal. 


I 


(1) 


{2\ 


(H) 


perjsec- 
ond.    I 

(^)     i 


February . 

March 

April 

May 

June 

July 

AatcuBt 

September. 

October 

November. 

Total. 


1W«. 


1.12 
a.4» 

1.18 
1.18 
0.?J 
O.Si 
0.71 
1.05 
2.82 


0.02  I 
0.(»  I 
0.10  I 
0.20  I 
0.30 
0.17 
0.18 
0. 12  • 

0.08 ; 

0.05  I 


1.2rt 
1.40 

l.:i5 

1.40  ■■ 

1.35 

1.40 

1.40  I 

1.35  I 

1.40 

l.a5 


0.21 
0.14 

o.;e 
o.:j5 

0.36 


23.63        1.21       16.46  -. 


1.38 


DecemlHjr  . 
January  ... 
February . . 

March 

April 

May 

June 

July 

AUf^URt  .  .  . 

September. 

October 

November . 

Total. 


18»7, 


December  . 
January  ... 
February . . 

March 

April 

May 

June 

July 

Au^st 

September  . 

October 

November . 


03 

V 

74 
74  i 

.68  ! 

65 

56 


25.  W 


3.17 
2.  a') 
2.24 
6.(W 
3.20 
2.25 
1.15 
0.87 
1.07 
1.02 
••i.  16 
2.60 


Total '    28.80 


0.(k'> 
0.02 
(».(» 
0.07 

o.m 

0.13 
0.1» 
0.17 
0.20 
0.18 
0. 12 
0.05 


1.40 
1.40 
1.26 
1.40 
1.35 
1.40 
1.35 
1.44) 
1.40 
1.35 
1.40 
1.35 


Total 
outgo. 


(6) 


Ex-       Deft-     tJ^^f^ 
cess,    ciency.   *'q^jP^ 


l^ISt  Wanted 


month. 


1.28 
1.44 
1.4A 
1.81 
1.6(1 
1.89 
1.93 
1.83 
1.48 
1.40 


(7) 


i9} 


fr<»ni 
reser- 
voir. 


(10) 


!      0.16        8.63 

2.06  1 10.69 

4.75  1 1.3..50  ! 


1.42 


0.:i6 
0.34 


19.05  , 


1.45 
1.42 
1.29 
1.47 
1.45 
1.53 
i.!A 
1.57 
1.60 
1.89 
1.8<V 
1.40 


0.63 
0.61 
1.17 
1.30 
1.12 
0.43 


o.:tt 

0.39 

0.39 

2.60 

3.99 

3.44 

o.3r) 

0.8:i 

0.16 

1.21 

1.21 

1.16  1 

12.87 
12.36  ' 
11.19' 
9.89 
8.77 
8.34  , 
9.76  ; 


1.94 


1.94 


10.08 
9.69 
9.:«) 
11.90 
13.  .50 
13. 50 
13.  .50 
12.67 
12.  .51 
11. .30 
lO.Oit 
11.25 


2.39 
3.44 
0  31) 


1.31       16.46  '      0.70       18.47 


:  1.44 

I  1.42 

1.30 

I  1.46 

I  1.48 

:  1.55 

1.58 

0.28  ,  1.94 

0.02  1.61 

0.18  1.68 

1..50 

1.41 


\.4i^      16.46  !      0.48       1*4.37 


0.(H 
0. 02 
0.04  I 
O.Wl 
0.13 
0. 15 
0.2:J 
().»\ 
0.19 
(K  15 
0.10 
0.06 


1.40 

1.40 

1.2«  , 

1.40 

I.:J5 

1.40 

1.35 

1.40 

1.40 

1..35 

1.40 

l.;i5 




: 

1.7:^ 

12.98 

0.93 

13.  .50 

0.94 

13.  r^\ 

5.17 

13. 5(t 

1.72 

13. 50 

0.70 

13.50 

0.43 

13.07 

1.07 

12.  <N) 

0.54 

11.44i 

0.66 

10.  K) 

0.66 

11.46 

1.28 

12.73 

6.(K} 


0.41 
0.94 
6.17 
1.72 
0.70 


8.94 


liefcMTiiig  to  Table  No.  134,  showing  (luantity  of  water  to  be  fur- 
nished by  St  reams  tributary  to  the  proposed  fee<ler  line  and  main 
canal,  together  with  th(»  <[uantity  to  be  taken  from  Black  River,  1802 
to  ISl^S,  inclusive,  it  is  shown  in  column  (l»)  that  in  1802  water  w^ould 
only  have  b(M»n  taken  from  Black  River  reservoir  to  the  mean  amount 
of  500  cubic  feet  per  second  in  September  and  755  cubic  feet  per  sec- 
ond in  October.  In  lsji3  the  tabulated  ([uantities  are:  June,  482  cubic 
feet  per  sccoikI;  July,  804  cubic!  feet;  August,  4r4  cubic  feet;  Sep- 
tember, 440  cubic  f(»et;  October,  774  cubic  feet;  and  November,  704 
cubic  feet  per  .s(M*ond.  In  1804  the  (juantities  are:  July,  821  cubic 
feet  per  second;  August,  i<iy2  cubic  feet;  September,  470  cubic  feet; 
and  October,  507  cubic  feet  per  second.  In  1805  the  quantities  are: 
May,  3."38  cubic  feet  per  second;  June,  808  cubic  feet;  July,  951  cubic 
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feet;  August,  742  cubic  feet;  SeptemlxM*,  \^02  cubic  feet;  and  Octo- 
ber, 905  cubic  feet  jicr  second.  In  ISOfi  the  (quantities  are:  May,  620 
cubic  feet  per  second;  June,  407  cubic  feet;  July,  819  cubic  feet  per 
second;  August,  872  cubic  feet;  and  in  Sei)tember,  916  cubic  feet 
per  se<*ond.  In  1807  the  quantities  are:  September,  900  cubic  feet 
per  second,  and  October,  878  cubic  feet  per  second.  In  1898  the 
quantities  are:  June,  134  cubic  feet  per  second;  July,  7(Ki  cubic  feet; 
August,  176  cubic  feet,  and  September,  527  cubic  feet  per  second. 

The  question  may  with  propriety  be  asked,  if  the  foregoing  monthly 
quantities  are  all  that  is  to  be  taken  from  Black  River  reservoir,  why 
a  feeder  line  carrying  from  l,oOO  to  1,(>(K)  cubic  feet  per  second  has 
been  designe<l.  The  answer  is  (1 )  that  tlie  water  supply  of  any  ship 
canal  of  th(»  nmgnitude  of  that  now  under  discussion  must  Ik>  abso- 
lutely beyond  question.  Table  No.  133,  giving  the  computed  outgo 
of  Salmon  River  reservoir,  shows  that  under  the  actual  conditions  of 
run-off  for  tin*  years  1892  to  1898,  inclusive,  there  would  have  l)een 
left  in  that  reservoir — with  an  outgo  of  300  cubic  feet  i)cr  second, 
from  May  to  November,  inclusive — at  the  end  of  the  month  of  Novem- 
l)er,  1895,  5.19  in<*hes  on  the  catchment  area.  An  accidental  stoppage 
of  the  fH»der  to  north  of  Salmon  River  for  even  a  few  days  in  1895 
would  have  exhausted  this  surplus,  r(M[uiring  a  draft  of  the  3(K)  cubic 
feet  i)er  second  which  Salmon  RivcM*  reservoir  is  tabulated  to  furnish 
from  Black  Riv(»r  reservoir,  thus  increasing  the  quantities  of  column 
(9)  of  Table  No.  134  by  300  cul)ic  feet  jH^r  s(*cond,  and  immediately 
bringing  us  for  the  maximum  montlis  (as,  for  instance,  Sept^^mber 
and  OctobiM',  1895)  to  and  above  tlie  1,100  cubic  feet  \)er  seiMuid  which 
the  main  section  of  the  feeder  between  Sandy  Creek  and  Kasoag 
jwnds  is  nominally  <lesigned  to  c^rry.  At  this  point  of  the  argument 
the  question  may  be  further  raised,  is  tlie  water  sui)ply  as  here 
designed  absolut-ely  beyoinl  <iuestion  so  long  as  it  appeai-s  necessary 
to  provide  for  the  contingenc}'  of  any  interruption  to  north  of  Salmon 
River?  To  this  proper  question  the  answer  is,  that  the  length  of  arti- 
ficial channel  from  Salmon  River  (station  2r>58+50)  to  Upper  Kasoag 
pond  (station  2840)  is  only  3.44  miles.  This  section  of  tlie  canal  is 
laid  through  swamp,  where  there  is  no  conceivable  possibility  of  inter- 
ruption from  breaks  or  the  onlinary  accidents  of  operation  of  such  a 
channel.  There  are  no  high  dams  to  give  wa3%  and  the  Salmon  River 
dam  (No.  47)  is  founded  on  rock  and  designed  with  such  lil)eral  factor 
of  safety  as  to  be  beyond  the  possibility  of  any  a<*ci(h»nt  t^xcept  an 
earthquake,  proper  construction  l)eing  assumed.  From  Kasoag  ponds 
to  where  the  f<*eder  leaves  West  I5ran(*h  of  Fish  Creek  (stiition 
42974- 70),  fur  a  distance  of  27.<ll  miles,  the  feedt^*  water  Hows  thixmgh 
the  valley  of  West  Branch,  where  it  is  entirely  l)eyond  the  mutations 
of  accident.  From  st^ition  4297+70  to  Dam  No.  63  (station  45<iO+80) 
the  construction  must  necessarily  be  of  the  most  jiermanenti  character. 
As  already  stated,  there  is  no  reason  why,  with  such  construction,  this 
H.  Doc.  149 57 
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section,  wliile  somewhat  expensive,  can  not  be  made  safe.  From  sta- 
tion 4577+40  to  point  of  junction  with  main  ship  carnal  summit  level 
at  station  480G+70  there  is  no  reason  to  assume  the  possibility  of  any 
accident  to  feeder.  The  ai*gument  appears  clear,  therefore,  that  a  full 
water  supply  may  always  l>e  delivered  from  Salmon  River  to  the  main 
summit  level,  whatever  may  happen  to  the  north  of  that  stream.  The 
broa<l  proposition  is  that  the  comparatively  small  length  of  artificial 
feeder  between  Salmon  River  and  the  main  summit  level  is  an  abso- 
lute guaranty  of  safety. 

Moreover,  there  is  no  n»ason  to  suppose  that  the  upper  section  from 
Carthage  to  Salmon  River  is  subject  t<)  greater  mutations  than  the 
section  south  of  Salmon  River.  Even  though  the  upper  section  is 
requiiv<l  to  (^arry  at  times  considemble  flood  flows,  it  is  believed  that 
the  design  has  been  worked  out  on  sufficiently  broad  lines  to  permit 
of  carrying  such  without  accident.  The  Salmon  River  reservoir  is, 
therefore,  in  effect,  a  double  insumnce. 

Further,  as  to  the  capacity  of  the  feeder  from  Carthage  to  Kasoag 
summit,  it  may  be  remarked  that  while  the  several  computations 
herewith  submitted  are  all  based  on  the  actual  run-off  record  of 
Hudson  River  for  the  years  stated — 1892  to  18!)8,  inclusive — neverthe- 
less we  liave  no  guaranty  that  this  series  of  years  does  actually 
include  tlie  year  of  minimum  run-off.  Indeed,  when  we  stud}'  the 
meteorology  of  central  and  northern  New  York  broadly,  as  exhibited 
in  detail  in  Tables  Nos.  20  to  lis,  inclusive,  it  appears  ver>'  certain  that 
this  re(^ord  does  not  include  the  absolute  minimum  year.  It  is  evi- 
dent then»  has  been  some  year  in  the  past,  and  must  inevitably  be 
some  3'ear  in  the  future,  when  the  jield  of  streams  tributary  to  sum- 
mit level,  Black  River  feeder,  and  Salmon  and  Hlack  rivers  i^eservoirs 
will  be  less  than  in  1895,  which  is  the  minimum  year  of  the  series  here 
used.  On  Hudson  River,  with  a  minimum  run-off  in  the  water  year 
1895  of  17.40  inches  for  the  whole  year,  the  rainfall  for  that  year  was 
l>etween  30  and  37  inches.  In  case  the  rainfall  of  Hudson  River  catch- 
ment area  should  ever  sink  as  low  as  30  inches  for  a  water  year,  we 
may  expect  a  total  run-off  for  that  year  of  between  9  and  10  inches. 
On  Genesee  River  we  have  actually  had,  in  1895,  for  a  rainfall  of  31 
inches,  a  run-off  of  only  0.67  inches.  As  the  result  of  extensive 
studies  of  the  hydrology  of  New  York  State,  it  is  the  author's  opinion 
that  should  rainfall  of  northern  plateau  (as  it  is  believed  it  will)  fall  to 
about  30  inches,  and  such  low  i>recipitation  he  at  all  general  through- 
out the  catchment  areas  tributary  to  deep  waterways,  the  tributAry 
streams  from  Trout  Brook  south,  including  west  and  east  branches  of 
Fish  Creek,  Salmon  River,  Oriskany,  and  adjacent  creeks,  upper 
Mohawk  and  other  tributary  streams  would  be  nearly  dry,  necessitat- 
ing for  periods  of  from  sixty  to  ninety  days  of  such  year,  aside  from 
the  water  furnished  by  Salmon  River  reservoir,  that  substantially  the 
entire  water  supply  of  deep-waterways  summit  level  must  be  taken 


DEEP   WATERWAYS.  899 

from  Black  River  reservoir.  It  is  from  this  point  of  view  that  Hlack 
River  reservoir  has  been  <lesigned  on  such  liberal  scale  as  to  leave 
therein  in  1895,  at  the  end  of  November,  a  storage  of  5.26  inches  on 
the  catchment  area.  This  (iuantity  is  l)elieve(l  to  be  no  more  than 
sufficient  to  safely  tide  over  the  minimum  dry  year,  which  sooner  or 
later  will  certainly  arrive.  For  perfect  safety  about  that  (juantity 
of  water  must  (however  liberal  the  flow  of  wet  years)  be  held  in  store 
as  a  reserve  against  the  year  of  extreme  minimum  flow.  It  follows, 
therefore,  that  the  dimensions  of  tlie  feeder,  as  here  proposed,  are 
conservative. 

The  author  has  assumed  in  this  design  that  the  subject  must  be 
treated  bn)adly  and,  in  view  of  the  magnitude  of  the  interests  involved, 
that  ordinary,  small  economies  are  not  permissible. 

Reference  has  already  been  made  to  Table  No.  134,  showing  quan- 
tity of  water  to  l>e  furnished  by  streams  tributary  to  proposed  feeder 
line  and  main  (*anal,  together  with  the  quantity  to  l>e  taken  from 
Black  River,  1892  to  1898,  inclusive.  We  will  now  consider  this  table 
in  detail: 

Column  (2)  gives  the  assumed  total  quantity  required  of  1,6<X)  cubic 
feet  per  second,  the  assumption  being  that  for  the  month  of  April  the 
tributary  streams  will  always  furnish  the  i*equired  quantity;  column 
(3)  gives  the  quantity  to  be  furnislied  by  streams  to  north  of  Trout 
Brook,  as  per  Table  No.  4;  column  (4),  (quantity  furnished  by  Trout 
Brook  and  streams  to  soutli,  as  per  Table  No.  8;  column  (5),  the 
amount  from  Salmon  River  reservoir;  column  (0),  the  amount  from 
Oriskany  and  adjacent  (»reeks  base<l  on  Genesee  River  data,  as  per 
Table  No.  3;  column  (7),  tlie  amount  from  upper  Mohawk,  as  based 
on  a  mean  of  Hudson  and  (Tenest>e  rivere  data,  as  per  Table  No.  9. 
Column  (8)  gives  the  total  of  columns  (3)  to  (7),  inclusive,  or  the  total 
amount  which  may  be  expected  from  tlie  indicated  streams  in  each 
month;  column  (9)  shows  the  mean  (quantity  in  cubic  feet  per  second 
to  be  taken  in  any  month  from  Black  River,  being  the  difference  of 
columns  (2)  and  (8),  and  column  (10)  gives  column  (9)  in  inches  on 
Black  River  catchment  area  for  use  in  Table  No.  131,  showing  state 
of  proposed  Blac»k  River  reservoir  from  month  to  month,  1892  to  1898, 
inclusive,  with  draft  therefrom,  as  per  column  (10)  of  the  previous 
table,  and  with  2,200  (uibic  feet  i)er  second  going  to  Black  River. 

Column  (2)  of  this  table  gives  the  run-off,  as  per  Hudson  River 
dat-a,  for  each  month,  which  equals  inflow  to  i-eservoir,  the  assumption 
being,  as  stat^'d  on  a  previous  page,  that  Hudson  River  data  apply  to 
Black  River.  The  outgo  from  reservoir,  consisting  of  (evaporation, 
amount  to  stream  of  2,200  cubic  feet  per  second,  and  amount  to  canal 
is  shown  by  columns  (3),  (4),  and  (5),  the  total  outgo,  or  sum  of 
columns  (3),  (4),  and  (5),  being  given  in  column  (6).  Columns  (7) 
and  (8)  show  the  excess  an<l  discrepancy  figures,  as  already  described 
in  discussing  Table  No.  133,  applying  to  Salmon  River  reservoir. 
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C'oluinii  (!♦)  gives  the  amc  iiiit  in  rescM'voir  at  the  end  of  eaeh  month, 
and  eolnmn  {\0)  tlie  amount  wasted  from  reservoir  in  any  given 
month.  Column  (11)  gives  the  elevation  of  water  surface  in  reser- 
voir at  the  end  of  each  month,  and  eohimn  (12)  the  eubie  contents  of 
rt^servoir  at  the  end  of  each  month  in  cu])ic  feet.  Aside  from  columns 
(11)  and  (12),  the  balance  of  this  table  is  computed  in  inches  on  the 
tributary  catchment  area  of  1,812.2  s([uare  miles.  The  general 
method  of  computation  of  these  tables  is  believed  to  ])e  so  plain  as  not 
to  re([uire  further  explanation. 

The  location  of  highway  bridges,  guard  gates,  and  <*hanges  of  high- 
way are  shown  on  the  maps.  Highway  bridges  have  been  estimated 
as  substantial  st(*el  structures  designed  to  carry  a  uniform  load  of  75 
pounds  per  square  f(M)t  and  a  concentrated  load  represented  ])y  a 
15-ton  steam  road  roller,  and  with  substantial  mjisonry  abutments. 

Guanl  gate  Xo.  1  is  locate<l  at  station  318,  just  west  of  the  Town- 
send  Brook  pond,  at  a  distance  of  r).2  miles  frcmi  Carthage.  The 
elevation  of  surface  of  canal  at  gate  is  721.3  feet.  The  natural  catch- 
ment area  abov(»  gate  and  tributary  to  the  canal  at  that  point  is  IG.l 
square  miles. 

Guard  gate  No.  2  is  locate<l  on  the  west  side  of  highway  at  station 
700.  The  eh^vation  of  water  surface  at  gate  is  715.1>  feet.  One  thou- 
sand tiv<»  hundred  feet  above  there  is  a  wasti^  way  IW  feet  long.  The 
catcliment  area  between  gates  Nos.  1  and  2  is  7.8  square  miles. 

(4ate  No.  3  is  located  in  north  side  of  liighway,  as  changed,  at  sta- 
tion 1405,  a  short  distance  below  Sandy  Creek  j)ond.  The  tributary 
catchment  area  of  Sandy  Creek  above  this  gate  is  10r).4  square  miles, 
controlled  by  the  long  spillway  of  Dam  No.  8,  already  described. 

(Timrd  gat^»  No.  4  is  at  highway  at  station  1508,  just  below  south 
branch  of  Sandy  Creek.  The  ordinary  wat^r  surface  of  pond  above 
Dam  No.  0  is  H57.3.  The  movable  crest  of  this  dam  is  to  be  set  at 
elevation  057.8;  hence  with  gate  closed,  the  water  maybe  exi)ect<Hl  to 
stand  at  that  level.  The  tributary  catchment  area  between  gates  Nos. 
3  and  4  is  44.4  square  miles.  The  flood  flows  will  l>e  relieved  by  a 
a  waste  way  at  Dam  No.  !*. 

(4uard  gate  No.  5  is  located  at  highway  at  station  K349,  just  below 
Loraine  I^rook  and  Deer  Creek.  There  is  a  waste  way  2(X)  feet  long 
on  Dei^r  Creek  2,r»(M)  feet  above  gate  location.  Thert^  is  no  spillway 
at  Dam  No.  12  on  Loraine  Brook,  the  <lesign  being  that  flood  water 
from  this  stn^am  pass  back  through  the  short  ridge  of  canal  connect- 
ing Loraine  Brook  with  Deer  Creek,  I'elieving  itself  at  spillway  of 
Dam  No.  11.  The  ordinary  water  surface  at  gate  No.  5  is  about  055,9 
feet,  that  being  the  elevation  of  pond  on  Loraine  Creek.  The  tribu- 
tary catchment  area  between  gates  Nos.  4  and  5  is  31.6  square  miles. 

Guard  gate  No.  6  is  located  at  highway  at  station  2141,  about  9.25 
miles  below  gate  No.  5  and  1,800  feet  below  waste  way  at  Dam  No.  29 
on  Little  Sandy  Creek,  where  there  is  to  Ix^  a  waste  way  180  feet  long 
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The  ordinary  water  surface  at  gate  No.  0  is  648.0  feet.  The  tri])ntary 
catchment  area  between  gates  Nos.  5  and  0  is  40.7  square  miles. 

Guard  gate  No.  7  is  located  at  staticm  20^)0  at  highway  just  south 
of  Salmon  River,  at  a  distance  from  gate  No.  (>  of  O.S  miles.  The 
elevation  of  water  surface  is  (i30.1  feet.  The  long  spillwa}'  of  Salmon 
River  dam,  No.  47,  will  afford  relief  for  tributary  drainage  a])ove  the 
gate. 

Guard  gate  No.  8  is  located  at  Station  444G,  just  l>elow  East  Branch 
of  Fish  Creek,  where  the  water  surface  is  432.5.  The  long  spillways 
on  the  two  branchc^s  of  Fish  Creek  at  Dams  Nos.  54  and  57  affords 
relief  for  tlie  large  tributary  area  above  these  gales. 

Guard  gate  No.  1)  is  located  at  highway  at  Station  4882,  where  the 
water-surface  elevation  is  415.0.  It  controls  the  flow  from  the  feeder 
into  the  summit  level,  the  trilmtary  drainage  l)eing  i^elieved  by  the 
spillway  at  Dam  No.  6*J. 

The  guard  gates  are  to  Im^  of  the  Stoney  pattern,  witli  clear  open- 
ings of  30  feet  and  with  depths  of  from  10  to  2n  feet,  depending  on 
section  of  canal  at  the  several  points  where  thf»  guard  gates  are 
located,  and  with  substantial  abutments  of  nmsonr}'.  By  locating 
the  guard  gates  at  liighways  wheie  bridgc^s  are  refiuinnl,  the  conse- 
quent construction  of  the  abutments  of  the  bridges  in  connection  with 
the  gate  nuisonry  will  lead  to  c()nsi<ieral)le  economy  of  nuisonry.  They 
are  all  located  immediatelv  on  rock  in  the  l)ottom  of  tlie  canal,  except 
Nos.  7,  8,  and  \).  At  No.  7  the  rock  is  about  lo  feet  below  the  bottom 
of  the  canal;  at  No.  S  it  is  probably  deep,  an<l  a  timber  or  plank  foun- 
dation will  b(»  r(»quired;  at  No.  H  the  indications  from  the  nmin  ship- 
canal  boring  made  in  the  vicinity  are  that  rock  may  be  exiKH*ted  to  l)e 
found  at  a  depth  of  from  28  to  3()  fc^et.  In  addition  to  checking  flood 
flows  and  diverting  th(»  same  over  waste  ways,  another  important  fea- 
ture of  the  guard  gates  will  Ik*  to  hold  the  channel  nearly  full  of  water 
at  times  when  no  water  is  being  taken  from  Black  River.  They  will 
also  l)e  necessary  for  regulating  volume  of  flow. 

From  CaHhage  to  Sandy  Creek  the  rock  excavation  is  entii*ely  in 
Trenton  limestone,  an<l  from  Sandy  Crt^ek  to  about  Station  2320,  in 
the  shales  of  the  Hudson  an<l  Ttica  groups,  the  chief  development 
being  that  known  as  TiOraine  shale.  South  of  Station  2320  the  rock 
may  be  classed  as  the  san<lston<*s  of  the  Oswego  group,  there  l>eing 
possibly  small  i)atches  of  either  the  Oneida  or  Medina  group  which 
appear  throughout  the  adjacent  region. 

As  shown  by  the  profile,  the  feeder,  generally  speaking,  has  been  so 
designed,  except  where  valleys  are  crossed,  as  to  throw  the  ordinary 
flow  line  l)elow  the  natural  surface.  In  order  to  show  the  main  char- 
acteristics with  reference  to  whether  the  full  depth  of  cutting  is  in 
rock,  or  partly  in  rock  or  in  earth,  and  whether  the  channel  is  natural 
or  artificial,  the  following  tabulation  has  l)een  prepared  which,  it  is 
believed,  wlien  taken  in  conjunction  with  the  foregoing  description, 
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will  ^ive  all  necesnary  information  as  to  the  main  characteristics  of 
this  feeder  canal : 

Characteristics  of  feeder. 


1 
1 

(2) 

10.0 
17.5 
17.5 
17.5 
17.5 
17.5 
:7.5 
17.5 
17.5 
17.5 
17.5 
17.5 
17.5 
30 
20 
30 
30 
20 
20 
20 
2<» 
5  to  37 
18 
10 
18 
18 
10 

10 

Fnll  depth  in  rock. 

Part  depth  in 
rock. 

t        Vol 
(5t     i     («» 

Artlflci 
nr 

(7) 

al  pond  or  nat- 
al stream. 

I 

< 

Fnll  depth  in  earth. 

Station. 

(3» 

1   _ 

(4^ 

i 

1 
1 

(1) 

(8) 

(9) 

(10) 

0-20 

30-4M 

4.84)4) 

41-15 

48-53 

5410 

Limestone . 

63-71   . 

1,800 
"2."3(V) 

9-141 

71  78 

700  ;  Limestone . 
i5,"500'    Limestone" 

78-101 

9-13 

lUl  2Stt 

25^-35(1 

3414) 

4)  is 

2SII-202 

300 

Sand. 

202- 265 

1 

300 

41-15 

2B5-2n8 

3.300  1  Limestone. 

208- :vw 

84)0 

Hardpan. 

306-:^l«.-.. 
3ltt-3(M)    . 

4."  44)0"    Limestone . 

1.4)4)4) 

Artificial  .... 

3fl0-v)78 

1.804) 

0-18 

378-384 

600 

Sand. 

384-417 

3.306  j  Limestone. 

417-427 

1.0410 

11-17 

427  4;J5 

84X>  '  Limestone . 

-  -  .  

435-4441 

1.100 

15-18 

44(V-52!) 

8,;)04)     Limestone. 
9. 4100    Limestone . 



52»-4{(58 

"^ 1 

13.900 

Artificial ... 

(MU<-7A4 

7«4-774 

1  

1.4)04) 

Artificial  .... 

"aoo" 

774-777 

Hardpan. 

777  illtt 

13,94)0  ,  Limestone. 

Kin-930 

1.4a) 

6-19 

V»^\0\0 

i 

8,000 

(Drainage 
1    ditch, 
1    Sandy 
I    Creek. 

1010-1238.. 

1 
1 

22,84)4) 
15  000 

Sandy  Creek 
Artificial 

1238-1388 



4ito:io 

15 
15 
15 
15 
15 
15 
15 
15 

i:i88-i:^ 

604) 

Shale 

1394-1398 

4414) 

4)-l4 

1398-14(M 

i     .... 



800 

Hardpan. 

iWiUMai) 

2.44)4) 

0-12 

1431^-1400 

3.000 

144)0-1490 

3,0414) 

8^13 

I49ri-]51A 

iolrt-1561 

2,6414) 

Shale 

AJAtO 

Artificial  .... 

"iaoo" 

I5rt]-I0l« 

Da 

lHo:i-lA19 



i,64X) 

Shale  

10I9-I622 

. 

300 

Do. 

1WK-HB7    '                                                    1     

.566 

Artificial  .... 
. ...... 

1«27- 1«42 

15 

1.5410 

Shale 

1042-1644 

m 

Artificial  .... 

1644-lft46 

lb 

10 
10 

24)4) 

Shale 

l(Mtt-l&49 

304) 

1-8 



Clay  loam. 
Do. 

l(V49-l4i99 

5,004) 

im9-i7:n 

3.200 

Artificial  .... 

17:^1-17511 

10 
10 

1 

i.964) 

175IH800  . 

■ 

.5.000     Hardpan. 

1800-lHOJK. 

900 

Artificial  .... 

1809-1844) 

10 

8,74)0    Clay  loam. 

1844>-1K')5 

1 

1 

94)0 

Artificial  ... 

hardpan. 

1K'»5-1879 

10 

2.44)0    Hardpan. 

1879-1894 

1,.54)0 

Artificial  .... 

Itt94-19(K 

10 

1.000     Clav  loam. 

19(K-1919  . 
]919-19:t2 



1.500 

Artificial  .... 

i.soo" 

hardpan. 
Clay  loam. 

1»(»2  1{«5^ 

2,64)4) 

Artificial  .... 

I95H-  lS)!)r 

10 

3.900 

Hardpan. 

1997  200H 

1.14H) 

Artifliial    ... 

2008- 20;  12 

10 

2.44)4)    Hardpan 

and  rock. 
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Character  iM  ws  of  feeder— Continued, 


(2. 

Full  depth  in  rock.    ^*'V^ 

r 

i     1    ^  t 
i      1      J 

9pth  in 

~6"r 

Artifid 
nr 

i 
2 

ial  pond  or  nat- 
al stream. 

Full  depth  in  earth. 

Station. 

11 

Artificial  —. 

i 

e 

1 

(I) 

C'h 

(4) 

(5, 

1,400 

(10) 

2fJBSi-20ta. 

1........ 

2M6-2IOr.\ 

10 

' , 

600 

Hardpan. 

10061 -Sr)72 

15 
15 

is 

15 
15 
15 
15 
15 

15 
15 
15 
10 

10 
lU 

HAOO 

Shale 

2U'72-ail7n 

4<NJ 

1-13 

2076-2(K) 

TOO 

Artiflciai     .. 

2n8:i-3X«i 

HGO 

Do 

ami  -2iii7 

1.600 

l-« 

2iir7-:.'li:j 

600 

Do 

21  l3-'*li'> 

1,300 

1-12 
4-14 

2\2r>-'£Uii 

ll.HOO 

1 

2343-:±!Hr> 



. 

2.200 

Gravel 

gaw-zii!) 

5.400 

3-13 

and  bine 
clay. 

231J*-i!:iT:; 

2I7jJ-:5««7 

1 

2,riO0 

1-13 

23tf7  :Mr>4) 

5,366 
4.000 

G  ravel 

24AO-iMlK) 

and  bowl- 
ders. 

Hardnftn 

24M»-:itK{K 

U.HOU     Kiind''and 

aB3K-2tt.> 

1 

2.000 

Sahnon  River 

gravel. 

riAV.lnAm 

aB5H  'JTl::' 

10 

11) 

10 
10 

10 



6,4<K) 

2712-:?7.'.:; 

' 

1                 '                 1 
.  ] 1 

1     andgrav- 
!     el. 
4.000    Muck  and 

fnKi-^^t 

!        1 

gravel 
3.800  1  Gravel. 

SS79(>-:2K](i 

1 

:::;::::i::::::::  ::::::::  ;:::::.::::;:;:: 

2,000  1  Gravel  and 

2810->4<« 

|.^....J ..L ^_  ___ 

1      qnlck- 
1     Hand. 
8,0(R)  '  Gravel  and 

284()-2Mir) 

6.»J0 
Ifti.lOO 

Kaeoag  Pond 
Fi«h  Creek... 

,     8a«n  d  y 
loam. 

29(l5-42Mi 

1 

' 

429(i-4:{lo 

10 

: 

i,4()6  1  Kand.oUv. 
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SUMMARY. 

Per  cent 

Length  of  ponds  and  streams  (233,100  feet) 47.61 

Length  with  rock  as  high  as  surface  of  water  (77,200  feet) 15. 77 

Length  with  rock  lK>ttom  and  partly  on  side  (43,800  feet ) 8. 95 

Length  in  earth  cut  (135,400  feet) 27.67 

Total  length  of  feeder  (489.5(K)  feet) 100.00 

Total  length  in  fine  sand,  26.900  lineal  feet. 

The  region  through  which  the  Hhiek  River  feeder  line  is  located  is 
about  midway  of  the  h)ng  slope  from  the  highlands  of  Jeiferson, 
Lewis,  Oswego,  an<1  ()n(»i<la  counties  to  I^ake  Ontario,  and  is  exposed 
to  severe  w(»st  winds  constantly  sweeping  from  that  body  of  water. 
On  this  account  it  was  assumed,  at  the  beginning  of  the  study,  that 
some  allowance  should  be  made  for  friction  of  air  upon  surface  of 
water  in  the  feeder,  not  only  because  of  high  velocity  of  flow  therein, 
but  because  of  broad  water  surfaces.     The  fundamental  formula 


r= 


=r  v'  /•  .s- 


V 


has  been  used  for  all  the  computations.  In  order  to  allow  for  retard- 
ing effect  of  severe  winds  of  this  region,  which  at  times  continue  for 
several  days,  the  computations  were  originally  based  upon  a  value  of 

A 

^  ~i>+.J  of  exposed  air  surface. 

On  further  study  it  was  deci<led  to  make 

_  A 

'  "~/>4-:t  of  ex])ose<l  air  surface, 

and  accordingly  a  reduction  from  tlie  computed  (quantities  has  l)een 
made  of  1,<)(J(),000  cubic  yards  of  earth,  50,000  cubic  yards  of  Trenton 
limestone,  and  50,(X)()  cubic  yards  of  shale,  in  order  to  allow  for  the 
resulting  reduction  of  cross  sections. 

We  have  in  the  following  tabulation  the  characteristics  of  the  cross 
sections  as  made  on  the  basis  o*" 

_  A         

'  ""/>+!  of  exposed  air  surface. 

The  sections  drawn  upon  the  profile  agree  with  the  figures  as  per  this 
tabulation. 
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Black  Hirer  feeder — Cha  meter intirtt  ttf  eronn  seetioiiA  mlnpted. 
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Black  River  feeder— Characteristics  of  cross  sections  cuiopted—Contmned, 
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Black  RiiHir  feeder^Characteristics  ofcntss  HetitioriH  (uittptetl—Coniinned. 
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Black  Rii^r  feeder — (Viaracterlstics  of  cross  nections  adopted — Continued. 
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We  will  now  consider  ovaporation  and  percolation  losses  on  feeder 
line,  first  considering  separately  the  .section  from  Carthage  to  Sandy 
Creek  (Dam  No.  8).  On  this  section  the  exi)osiMl  water  surface, 
including;:  feedcM-  (*hannel  and  ponds,  nmy  be  taken  at  about  50,HX),()("K) 
square  feet.  On  the  ])asis  of  the  Rocliester  data  we  hav(*  a  maximum 
evaporation  for  th(»  uKmth  of  July  of  H.So  inches,  whicli  would  ^ive 
an  evapoiation  for  that  month  of,  roundly,  \'2  cubic  feet  i)er  second. 

In  considering  ])er(»olation  loss  we  may  divide  the  section  l)etween 
Carthage  and  Sandy  Creek  (Dam  No.  H)  into  two  parts,  (me  consist- 
ing of  a  channel  cut  largely  in  rock  and  the  other  of  the  two  reser- 
voirs formed  by  Dams  Xos.  <>  aiul  S  in  Rutland  Hollow  and  Sandy 
Creek.  The  channel  portion  will  have  a  wetted  peiimeter  of  al)out 
5,7(X),0(X>  s<[uare  f<M4,  with  an  average*  depth  of  water  of  KM  feet. 

Mr.  Childs  estimated  for  Erie  Canal  a  i>ercolation  loss  of  ISO  cubic 
feet  per  mih»  per  minute,'  tlu»  secticm  being  on  an  average  75  feet 
wide  at  top,  47  feet  at  bottom,  and  8  feet  deep,  giving  an  average 
depth  of  ♦)  feet.  On  this  basis  we  have  438,240  S([uare  feet  of  wetted 
surface  per  mile  and  a  percolation  i)er  square  foot  of  wetted  surface 
of  ().(K)41  cubic  foot  per  minute.  Assuming  percolation  as  directly 
proportional  to  depth,  a  channel  witli  a  depth  of  i:M  wcmld  show  a 
loss  of  o.(M)i)804  cubic  f(K)t  per  minute.  This  gives  for  tlie  channel 
from  Carthag(»  to  Sandy  Creek  a  loss  of  5,071  cubic  feet  iK>r  minute, 
or  84.5  cubi(»  feet  per  second. 

The  rock  in  which  this  section  of  the  feeder  is  to  Ix^  excavated  is,  a« 
stated,  the  Trenton  limestone  in  thin  layei*s,  probably  averaging  noi 
more  than  4  to  8  inches  thick,  thus  exposing  a  large  numbi^r  of  seamb 
to  the  water.  There  an*  also  vertical  seams  or  ftssuivs  in  tlie  I'oek  at 
a  few  surface  exposures.  Two  or  three  streams  on  the  line  disappear 
into  such  fissui*es,  reappearing  some  distance  away.  The  rock  beds 
lie  nearly  horizontal.     The  feeder  is,  moreover,  on  the  sidehill  of  the 

'  See  report  on  the  water  supply  of  we-^tern  division  of  Erie  Canal  by  the  author, 
in  Annual  Report  of  State  Etiijineer  and  Surveyor  of  New  York  for  1896. 
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valley  of  Black  River,  wliich  has  been  eiodeil  to  a  considerable  depth 
below  the  feeder  level,  s(>  that  if  seams  in  the  roek  are  (►i)en  at  all  for 
admission  of  water,  the  water  may  find  a  passajjc*  out  and  down  into 
the  river  valley  within  a  short  distance.  Open  seams  will  not  be 
readily  elosed  by  silt,  lK*eaiise  the  water  flowing  in  llie  eanal  will, 
aside  from  a  few  da\'s  of  flood  c^aeli  year,  be  mostly  ch^ar.  If  one  of 
the  seams  in  every  s([uare  foot  in  th(?  exposed  face  of  roek  w<»re  (►pen 
0.01  of  a  foot  and  1  foot  in  length,  and  the  water  passed  out  at  the 
rate  of  only  0.1  of  a  eubie  foot  i>er  second,  such  outflow  would  cor- 
respond to  a  pi^i-colat ion  of  84.5  cubic  feet  per  second  for  less  than  100 
feet  in  length  of  channel.  It  is  improbable,  however,  that  any  such 
extreme  p<*rcolation  would  exist  for  any  considerable  length  of  chan- 
nel, and  in  any  case,  if  it  did,  the  location  of  such  leakage  could  l>e 
found  and  the  j^roper  remedy  applied.  However,  taking  into  con- 
sideration the  obscM-ved  disappearances  of  water,  as  well  as  the  springs 
coming  from  sidehills  along  this  part  of  the  feeder,  showing  small 
underground  passageways,  it  api)ears  projK^r  to  double  the  foregoing 
estimate  and  call  the  probable  loss  from  iM*rcolation  between  C'arth- 
age  an<l  Sandy  Creek,  say,  170  cubic  fe<^t  per  s(*cond.  In  addition  to 
the  ix*rcolation  loss  frcun  the  feeder  channel,  there  may  1m»  (»xpected 
to  be  a  small  loss  from  the  ponds  in  Rutland  Hollow  and  Sandy  Creek 
for  the  reasons  before  mentionc^d,  and  for  the  further  rea.son  that 
Rutland  Hollow  particularly  is  several  hundred  feet  above  Black 
River  and  separated  from  it  by  a  narrow  ro<*k  ridge,  in  which  it  is 
probabh*  that  tlu»  horizontal  limestone  layei-s  are  continuous. 

This  will  apply  with  perhaps  less  force  t^)  Sandy  Creek  Valley,  for 
the  reason  that  the  high  ground  In^tween  it  and  the  Lake  Ontario  sloi)e 
is  wider.  The  depth  of  water  in  both  of  these  ponds  will  be  alK)ut  50 
feet  at  the  (leeiK»st  parts.  The  surface  soils  now  in  place  above  the 
rwk  are,  however,  heavy  and  tenacious  and  undoubtedly  nearly 
water-tight;  but  iiuismuch  as  it  is  impossible  to  say  that  they  are 
absolutely  water-tight,  we  may  assume,  for  purposes  of  the  argument, 
a  rate  of  percolation  one-quarter  of  that  assume<l  for  Erie  Canal, 
whence  we  compute  a  possible  loss  from  thes<»  reservoirs  of  alK)ut  58 
cubic  feet  per  s«»cond.  The  maximum  evaporation  and  i>ercolation 
loss  would  then  be: 

Chi.  ft.  per  sectmd. 

Evaporation ...     12 

Percolatit  ►n  from  canal  prism 170 

Percolation  from  reservoirs 58 

Total 240 

On  the  section  from  San<ly  Creek  t^)  outlet  of  Ka^soag  ponds  the  con- 
ditions an»  somewhat  different.  For  a  considerable  portion  of  this 
section  th<»  underlying  rocks  are  shale,  with  tenacious  clay  surface 
soils  or  subsoils  possessing  the  <iuality  of  wat^r-tightness.  Kxceptions 
to  this  are,  however,  not(Ml  at  a  few  sections  already  referivd  to,  but 
which  it  is  proiK)sedto  make  water-tight  by  thonuigh  puddling.  The 
total  water  surfa<»e  of  this  section,  including  ponds  and  feetler  chan- 
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nel,  is  31,240,000  square  feet,  from  which  there  may  l>e  expected  in 
July  a  maximum  evaporation  of  about  7  cubic  feet  per  second.  The 
wetted  perimeter  may  be  taken  at  0,000,0(X)  squart^  feet  of  rock  sur- 
face, mostly  shales  and  sandst>ones  in  thin  layers,  and  28,000,000 square 
feet  of  earth  surface.  Of  the  earth  surface  about  10,000,000  square 
feet  are  in  feeder  channel  excavation  and  18,000,000  square  feet  in 
shallow  ponds  with  the  water  resting  on  undisturbed  natural  surfaces. 
As  may  l)e  seen  from  the  maps,  the  feeder  on  this  section  is  generally 
on  sidehill,  with  fairly  flat  surface  slopes  on  the  lower  side.  In  the 
absence  of  definite  data  specifically  applying,  the  following  assump- 
tions as  to  percolation  have  been  made : 

From  6,000,000  square  feet  of  rock  surface,  with  an  average  depth 
of  water  of  15  feet,  the  percolation  loss  is  assumed  at  100  cubic  feet 
per  second. 

From  10,0<M),000  s(iuan^  feet  of  excavated  earth  surface,  with  depth 
of  water  averaging  8  feet,  the  percolation  loss  is  assumed  at  00  cubic 
feet  per  second. 

From  18,000,(XK)  square  feet  of  i>onds,  where  the  percolation  maybe 
expected  to  not  exceed  one-quarter  of  the  amount  allowed  for  dis- 
turbed earth,  we  may  assume  a  i)ercolation  loss  of  *33  cubic  feet  per 
second. 

We  have  then,  as  the  probable  maximum  evaporation  and  percola- 
tion loss  on  the  section  from  Sandy  Creek  to  Kasoag  (74-1004-00+33) 
=230  cubic  f<>et  per  second. 

In  the  natural  channel  of  Fish  Creek,  from  Kasoag  to  where  the 
feeder  line  leaves  West  Branch  of  Fish  Creek  at  station  4207+70 
(Dam  No.  54),  we  may  assume  that  there  will  be  no  percolation  loss, 
except  such  as  is  due  to  raising  the  water  table  at  the  sides  of  the 
stream  and  which  leads  to  increased  evai)oration  from  the  ground 
surface  on  flat  areas.  This  loss  may  at  times  Ix^come  very  large,  pos- 
sibly as  much  as  from  i)i)  to  100  cubic  feet  p^^r  second.  In  order  to 
have  a  definite  tigure,  we  will  assume  it  at  75  cubic  feet  per  second. 

From  station  4207  +  70  to  wliere  the  feeder  enters  the  sand  plains 
at  station  4577  +  40  the  material  through  which  the  feeder  is  exca- 
vated contains  enough  clay  to  make  water-tight  work,  but  through 
the  sand  plains  there  will  be  considerable  percolation  loss,  except  that 
the  puddling  be  well  done.  As  a  matter  of  judgment,  the  evaporation 
and  p<n'colation  losses  on  the  lower  section  are  t^ken  at  from  40  to  60 
cubic  feet  per  second. 

Assuming  the  evaporation  and  percolation  losses  for  the  several 
sections  of  the  feeder  as  per  the  foregoing,  we  have  the  following: 

Ca.  ft.  per  second. 

Evaporation  and  i^ercolation  loss,  Carthage  to  Sandy  Creek 840 

Evaporation  and  percolation  loss,  Sandy  Creek  to  Kasoag 230 

Evaporation  and  percolation  loss,  valley  of  West  Branch  of  Fish  CreeR 80 

Evaporation  and  percolation  loss  in  channel  from  West  Branch  Fish  Creek  to 
summit  level  ship  canal 50 

Total 000 
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In  considering  the  foregoing  total  of  000  cubic  feet  per  second,  it 
should  be  remembered  that  this  represents  the  maximum  loss  likely 
to  occur  when  the  feeder  is  new.  Exi)erience  shows  tliat  in  such 
channels  there  is  a  gradual  decrease  in  the  percolation  loss  for  several 
years,  until  finally  a  fixed  state  is  attaine<i,  due  to  silting  up  of  the 
bottom  and  sides.  The  materials  through  which  the  feeder  will  be 
excavated  are  of  such  quality  as  to  assure  the  maximum  effect  of  such 
silting.  Hence  it  is  the  author's  opinion  that  after  a  few  years  of 
operation  the  evaporation  and  percolation  losses  will  not  exceed  400 
cubic  feet  per  second,  on  which  basis  the  computations  of  capacity 
have  been  made.  It  is  recognized,  however,  that  for  the  fii*st  few 
years  the  losses  may  run  as  high  as  000  cubic  feet  per  second,  a  fact 
which  is  urged  as  an  additional  reason  for  considerable  leeway  in 
storage  on  Black  River. 

As  a  final  summation  of  this  part  of  the  subject,  the  author  again 
reiterates  his  opinion  that  the  Hlack  River  stK)rage,  if  constructed  as 
here  proposed,  is  sufficient  to  not  only  supply  2,200  cubic  feet  per 
second  to  Black  River  every  day  in  the  year,  but  also  to  meet  all  pos- 
sible contingencies  of  adequate  water  supply  for  the  Oswego-Mohawk 
summit  level. 

In  concluding  this  discussion  of  the  proposed  Black  River  feeder, 
it  may  be  very  properly  remarked  that  the  work  as  presented  undoubt- 
edly contains  some  crudities — as,  for  instance,  no  attempt  has  l)een 
made  to  decrease  the  cross  section  on  the  different  sections,  as  the 
amount  of  water  passing  gradually  decreases  from  evaporation  and 
percolation  loss.  There  is  also  some  slight  lack  of  adjustment  to  the 
actual  work  finally  decided  upon  between  the  different  sections.  The 
quantities  given  in  the  estimates  are,  nevertheless,  ample  to  <^onstruct 
the  feeder  with  all  necessary  refinements  of  the  character  indicated, 
and  taking  into  consideration  that  at  the  best  a  hurried  study  of  this 
character  is  merely  in  the  nature  of  preliminary  work  it  has  not  been 
deemed  worth  while  to  spend  the  time  necessary  for  relatively  unim- 
portant final  adjustments. 

ESTIMATES. 

All  of  the  following  estimates  have  been  prepared  on  the  basis  of  an 
eight-hour  day,  and  with  reference  to  the  present  tendency,  which  is 
to  increase  somewhat  the  price  of  lal)or.  The  prices  used  ai*e  given 
in  detail  farther  on. 
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Complete  estimate  of  cost  of  constructing  ttie  Black  River  feeder^  together  with  the 
Black  and  Salmon  Hirer  resen^oirs  and  appurtenances, 

BLACK  RIVER  RESERVOIR. 
Right  of  way : 
Acres  — 

8U0,at^")0U  (village  property) $400,000 

;j,0(iO,at§l(K) 300.000 

;j,000,at.580.     240,000 

2.000  at  >!<;0 120,000 

l,00(»,at$40 40,000 

10,00(),at$;50 300,000 

20,0;!0.  at  $20 400,000 

5.000.  at  $10. 50,000 

5.200,  at*.*) 26,000 

11,876,000 

Clearing  and  burning  12,000  acres,  at  $15 180,000 

Changes  of  highway,  including  fencing,  17.2  miles,  at  $2,000 34, 400 

Highway  across  reservoir  at  Castorland: 

4,000  linear  fec^t  bridge,  at  $:)3  ..   132.000 

7,200  linear  feet  bridge,  at  $25 180, 000 

109,000  cubic  yards  embankment,  at  12  cents 13,080 

4,000  cubic  yards  riprap,  at  $1 4,000 

0.0  mile  new  road,  at  $2,000 1,200 

200  rmls  fencing,  at  $1 200 

330,480 

Highway  across  reservoir  at  Lowville: 

S,(M)o  linear  feet  of  bridge,  at  $33 264,000 

22,(K)0  cubic  yards  embankment,  at  12  cents 2, 640 

1,4^>0  cubic  yards  riprap,  at  $1   1,4(K) 

3.«0i)  linear  feet  of  approaches,  at  $1 3, 800 

100  rod^  fencing,  at  $1 lOO 

271,940 

Highway  across  reservoir  at  GlentieM: 

400  linear  feet  bridge, at  .S:i3 13,200 

2,400  linear  feet  bridge,  at  $25 60,000 

206,000  cubic  yards  embankment,  at  12  cents 24, 720 

13,200  cubic  yards  riprap,  at  $1 13,200 

860  rods  fencing,  at  $1 860 

111,980 

Moving  cemeteries 40, 000 

Changing  location  of  19  miles  and  raising  8.15  miles  of  R.,  W. 

and  O.  Div.  of  N.  Y.  C.  and  H.  R.  R.  R.  and  Carthage  and 

Adirondack  R.  R. : 

192  acres  right  of  way,  at  $50 9,600 

90  acres  clearing  and  grubbing,  at  $^30 2, 700 

850,000  cubic  yards  excavation  of  earth,  at  25  cents 212, 500 

175,000  cubic  yards  excavation  of  rock,  at  80  cents 140, 000 

68,0(»0  cubic  yards  ballast,  at  40  cents 27, 200 

48,300  ties,  at  50  cents 24,150 

2,100  tons  steel  rails  (70  pounds  per  yard), at  $35 73,500 

270,000  pounds  angle  bars,  at  2 i  cents 6,075 

30,000  poimds  bolts,  at  2*  cents 750 

114,000  pounds  spikes,  at  2^  cents 2,850 

19  miles  track  laying,  at$400 7,600 

36  miles  fencing. at  $5(K) 18,000 
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18  miles  telegraph  line,  at  $;300 $5,400 

35,000  cubic  yards  riprap,  at  $1 35,000 

4  switches  and  stands,  at  $75 300 

2  stations  and  freight  houses,  at  .$2,2(X) 4, 400 

1  water  tank 600 

Cast-iron  pipe  culverts,  with  end  walls 0, 000 

Bridge  superstructures 5'J.OOO 

Bridge  masonry 148,000 

14  road  crossings,  at  $50 700 

Temporary  track 13,205 

Moving  Carthago  station l.OOO 

Total 791,500 

Credit  present  line: 

220  acres  right  of  way,  at  $30 $6,000 

2,1(M)  tons  rails,  at  $20 42,000 

48,300  ties,  at  30  cents 14,490 

750,000  pounds  bridges,  at  3  cents 22, 500 

2,500  culjic  yards  masonry,  at  $2 5, 000 

2  stations,  at  $500 1,000 

91,590 

Net  cost  of  changing  railroad $700,000 

Dam  No.  l ,  at  Carthage: 

Clearing  site  of  dam,  including  removal  of  buildings 5, 000 

Bailing  and  draining,  including  coffer  dams 44, 467 

3,40:)  cubic  yards  surface  stripping,  at  12  cents 408 

56,200  cubic  yards  excavation  of  earth,  at  20  cents 11, 240 

36,500  cubic  yards  foundation  excavation  of  rock,  at  $1.50.  54, 750 
4,300  cubic  yards  foundation  excavation  of  hardjtan,  at  75 

cents _ 3, 225 

83,000  cubic  yards  rubble  masonry  in  backing  and  core 

walls,  at  $4 332,0J0 

9,000  cubic  yards  concrete,  at  $5 .   45, 000 

18,600  cubic  yards  granite  masonry  in  spillway  and  dis- 
charge tunnels,  at  $15 270,500 

19,500  cubic  yards  coursed  rubble-facing  masonry,  at  $7  ..  136, 500 

740  cubic  yards  granite  coping  on  spillway,  at  $25 18, 500 

720  cubic  yards  coping  on  dam  and  i)ro taction  walls,  at  $15.  10, 800 

1,600  cubic  j'ards  broken-stone  lining,  at  $1 .50   2, 400 

1 ,3(K)  cubic  yards  soiling,  at  50  cents 650 

28,000  cubic  yards  embankment,  at  25  cents 7, 000 

650  cubic  3'ards  puddle,  at  $1 650 

4,800  sciuare  yards  slope  paving,  at  70  cents 3, 360 

3,900  S(iuare  yards  sodding,  at  20  cents 780 

85.000  feet  B.  M.  pine  timber,  at  $:30  per  M 2, 550 

30,000  pounds  steel  rods,  bolts,  etc.,  at  7  cents 2,100 

22,0o0  pounds  12-inch  cast-iron  i)ipe,  laid,  at  2  cents 440 

4,000  linear  feet  holes  for  dowels,  at  10  cents 400 

1,0110  linear  feet  railing,  at  $1 1,000 

4   steel  discharge  tunnel  headings  with  sluice  gates,  at 

$2,500 1(»,000 

8  12-inch  double  gates  and  stands,  complete,  at  $60 480 

1  gatehouse  superstructure,  complete 1,000 

1  turbine  and  pump  for  operating  gates 1,000 

975,200 

II.  Doc.  141» 58 
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Dam  No.  1  A: 

1  acre  clearing  and  grubbing,  at  $40 $20.00 

1  bailing  and  draining 67.00 

400  cnbic  yards  surface  stripping,  at  12  cents 48. 00 

500  cubic  yards  excavation  of  earth,  at  20  cents 100. 00 

160  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents 120.00 

240  cubic  yards  core- wall  masonry,  at  $4 960. 00 

125  cubic  yards  broken-stone  lining,  at  $1 .50 187. 50 

100  cubic  yards  soiling,  at  50  cents 50.00 

2,700  cubic  yards  embankment,  at  25  cents 675. 00 

50  cubic  yards  puddle,  at  $1 50.00 

375  square  yards  slope  paving,  at  70  cents 262. 50 

300  square  yards  sodding,  at  20  cents 60.00 

Dam  No.  1  B: 

1  acre  clearing  and  grubbing 40.00 

1  bailing  and  draining 122.00 

1,4()0  cubic  yards  surface  stripping,  at  12  cents 168. 00 

350  cubic  yards  earth  excavation,  at  20  cents 70. 00 

500  cubic  yards  foun  dation  excavation  of  hardpan,  at  75 

cents 875.00 

1 , 1 00  cubic  yards  core- wall  masonry,  at  $4 4, 400. 00 

940  cubic  yards  broken-stone  lining,  at  $1.50 1,410.00 

800  cubic  yards  soiling,  at  50  cents 400.00 

10,500  cubic  yards  embankment,  at  25  cents 2, 625. 00 

250  cubic  yards  puddle,  at  81 _.       250.00 

2,800  square  yards  sloi)e  paving,  at  70  cents 1, 960. 00 

2,4(M)  square  yards  sodding,  at  20  cents 480.00 

Dam  No.  1  C: 

1  clearing  site  of  dam,  including  removal  of  buildings...  1,000.00 

1  bailing  and  draining 870.00 

18,200  cubic  yards  excavation  of  earth,  at  20  cents .  3, 640. 00 

2,000  cubic  yards  foundation  excavation  of  rock,  at  $1.50.  3, 000. 00 

17,500  cubic  yards  backing  in  protection  walls,  at  $4 70, 000. 00 

6,920  cubic  yards  facing  in  protection  walls,  at  §7 48, 440. 00 

570  cubic  yards  coping  on  protection  walls,  at  $15 8, 550. 00 

68,0:)0  cubic  yards  embankment,  at  25  cents 17, 000. 00 

3,500  linear  feet  gas-pipe  railing,  at  $1 3, 500. 00 

Dam  No.  1  D: 

1  bailing  and  draining 394.00 

1 ,00<)  cubic  yards  surface  stripping,  at  12  cents 120. 00 

18,200  cubic  yards  excavation  of  earth,  at  20  cents 3, 640. 00 

320  cubic  yards  foundation  excavation  of  rock,  at  $1.50. . .      480. 00 
3,400  cnbic  yards  excavation  of  granite  rock,  at  80  cents .  2, 720. 00 

1 .1 00  cubic  yards  core- wall  masonry,  at  $4 4, 400. 00 

470  cubic  yards  broken-stone  lining,  at  81 470.00 

390  cubic  yards  soil  in  i^,  at  50  cents 195.00 

14,000  cubic  yards  emlmnkment,  at  25  cents 3, 500. 00 

210  cubic  yards  puddle,  at  $1 210.00 

1,410  stjuare  yards  slope  paving,  at  70  cents 987.00 

1,170  square  yards  sodding,  at  20  cents 234.00 

600  linear  feet  fencing,  at  25  cents 150.00 


$2,600 


12,300 


156,000 


17,500 
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Dam  No.  1  E: 

I  bailing  and  drainin ;; .  $447 

1,650  cubic  yards  surface  stripping,  at  12  cent« 1 98 

1,050  cubic  yards  excavation  of  earth,  at  20  cents 210 

160  cubic  yards  foundation  excavation  of  rock,  at  $1.50 240 

600  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents - 450 

1 ,550  cubic  yards  core-wall  masonry,  at  $4 6, 200 

650  cubic  yards  broken-stone  lining,  at  $1 050 

550  cubic  yards  soiling,  at50cents 225 

15,000  cubic  yards  embankment,  at  25  cents JJ,  750 

160  cubic  yards  puddle,  at$l... 160 

2,000  square  yards  slope  paving,  at  70  cents 1 ,  400 

1 ,600  square  yards  sodding,  at  20  cents 020 

1,000  linear  feet  fencing,  at  25  cents  .„. 250 

$14, 500 

Dam  No.  1  F: 

3  acres  clearing  and  grubbing,  at  $40 120 

1  bailing  and  draining _ 592 

8,400  cubic  yards  surface  stripping,  at  12  cents 408 

10,000  cubic  yards  excavation  of  earth,  at  20  cents 2, 000 

2,200  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents - 1,650 

3,400  cubic  yards  core- wall  masonry ,  at  $4 13, 600 

1,900  cubic  yards  broken-stone  lining,  at  $1.50 2. 850 

1,400  cubic  yards  soiling,  at  50  cents 700 

53,000  cubic  yards  embankment,  at  25  cents 13, 250 

500  cubic  yards  puddle,  at  $1 5<)0 

5, 7G0  square  yards  slope  i)aving,  at  70  cents , . . .  3, 990 

4,200  square  yards  sodding,  at  20  cents 840 

40, 500 

Dam  No.  1  Q: 

3  acres  clearing  and  grubbing,  at  $40 120 

1  bailing  and  draining 505 

3,500  cubic  yards  surface  stri])pim?,  at  12  rents  . 420 

7,500  cubic  yards  excavation  of  earth,  at  20  cents 1 ,  500 

2,300  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents - 1,725 

3.400  cubic  yards  core-wall  masonry,  at  $4 13, 600 

1 ,800  cubic  yards  broken-stone  lining,  at  $1 1 ,  800 

1,500  cubic  yards  soiling,  at  50  cents 750 

45,000  cubic  yards  embankment,  at  25  cents 11. 250 

450  cubic  yards  puddle,  at  $1 450 

5,400  sciuare  yards  slope  paving,  at  70  cents 3, 7sO 

4, 500  sciuare  yards  sodding,  at  20  cents 900 

36.800 

Damai^e  to  water  i)owers  in  valley  above  Carthage 9n0.  OOO 

Drain  at  West  Carthage.  4,000  linear  feet  24-inch  sewer  pipe,  laid,  at  $3.  12. 000 

Total  cost  of  Black  River  reservoir 5, 7 12, 200 

SALMON  RIVER  RESERVOIR. 
Right  of  way: 

100  acres  of  land,  at  $30()  ( village  of  Reilfield ) $30, 000 

8,900  acres  of  land,  at  $:^0 267,000 

?;297, 000 

Clearing  and  burning  2,500  acres,  at  .S15 37. 5oO 

Changes  of  highway,  including  fencing,  6  miles,  at  $3,0o0 18, 000 
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Hipfbway  across  reservoir  at  Redfield: 

l,2()01iiiear  feet  bridge,  at  $:J0 $36,000 

120,0(K)  cubic  yards  embankment,  at  12  cents 14, 400 

25,200  cubic  yards  riprap,  at  $1 2.>,  200 

$75, 600 

Bridge  l)elow  dam  at  Stillwater 9,(KK) 

Dam  No.  713: 

5  acres  clearing  and  grubbing,  at  $40 200 

1  bailing  and  draining 5, 360 

2,500  cubic  yards  surface  stripinng,  at  12  cents 300 

5,000  cubic  yards  excavation  of  earth,  at  20  cents 1, 000 

22,0<)0  cubic  yards  foundation  excavation  of  bardpan,  at  75 

cents  . 16,500 

18,500  cubic  yards  foundation  excavation  of  rock,  at  $1.50.  27, 750 
7,30:)  cubic  yards  granite  spillway  and  arch  masonry,  at 

$15 100.500 

S,000  cubic  yards  facing  masonry,  at  $7 56. 000 

45,000  cubic  yards  rubble  backing  and  core- wall  masonry.  i 

at$5 225,000 

300  cubic  yards  spillway  coping,  at  $25 _ 7. 500 

ino  cubic  yards  coping  on  dam  and  wing  walls,  at  $15 2, 400 

4,000  cubic  yards  concrete,  at  $6 24, 000 

1 ,000  cubic  yards  puddle,  at  $1 1 ,  000 

1 ,700  cubic  yards  broken-stone  lining,  at  $1.50 2, 550 

1 ,0()0  cubic  yards  soiling,  at  50  cents 500 

30,000  cubic  yards  embankment,  at  25  cents 7, 500 

5,000  s^iuare  yards  slope  paving,  at  70  cents 3,500 

3.000  sciuare  yards  sodding,  at  20  cents 600 

1,600  linear  feet  holes  for  dowels,  at  10  cents 160 

325  linearfeet  2Hnt'*^  gate  stems,  with  couplings,  at  OOcents.  195 

3,000  feet  B.  M.  oak  tinil>er,  at  $40 '... 120 

20.000  pounds  0(Mnch  steel  pipe,  at  7  cents 1, 400 

(>,000  i)ounds  6-inch  cast-iron  pipe,  at  2  cents  .   120 

12,000  pounds  steel  rods,  bolts,  etc,  at  7  cents 840 

3  60-inch  double  gates,  at$l,200.. 3,600 

4  n-inch  double  gates,  at  $10 40 

2  72-inch  flume  gates,  at  $700 1,400 

5  gate  stands,  at  $25 125 

4  gate  stands,  at  $10 40 

1  gatehouse  superstructure,  complete 8.')0 


500.000 


Dam  No.  74: 

1  Here  clearing  and  grubbing  4() 

1  bailing  and  draining    .   406 

700  cubic  yards  surface  stripping,  at  12  cents 84 

300  cuhic  yards  excavation  of  earth,  at  20  cents 60 

500  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents 375 

1 ,2oO  cubic  yards  core- wall  masonry,  at  $5 6, 000 

500  cubic  yards  imddle,  at  $1 ..,     500 

530  cubic  yards  broken-stone  lining,  at  si .50 795 

450  cubic  yards  soiling,  at  50  cents  . 225 

18,500  cubic  yards  embankment,  at  25  cents -I,  r)25 

1 ,600  S(iuare  yards  slope  paving,  at  70  c«*nts 1,120 

1 ,350  s(iuare  yards  sodding,  at  20  cents 270 


14,500 
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Dam  No.  T.l: 

2  acres  clearing  and  grubbing,  at  840 $80 

1  bailing  and  draining 50(5 

3,200  cubic  yards  surface  stripping,  at  12  cents  _  084 

1 ,000  cubic  yards  excavation  of  earth,  at  50  cents 200 

2,000  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents   -   .  1 ,  500 

4,200  cubic  yards  core  wall  masonry,  at  §5 21 ,  000 

2,000  cubic  yards  puddle,  at  $1 2, 000 

2,900  cubic  yards  broken-stone  lining,  at  $1 .50 4, 350 

2.400  cubic  yards  soiling,  at  50  cents 1 .  200 

49,000  cubic  yards  embankment,  at  25  cents 12, 250 

8,700  Rtiuare  yards  slope  paving,  at  70  cents 6, 090 

7,200  square  yards  sodding,  at  20  cents 1 ,  440 


Dam  No.  76: 

10  acres  clearing  and  grubbing,  at  §40 400 

1  bailing  jind  draining 1 ,  .550 

15,000  cubic  yards  surface  stripping,  at  12  cents 1, 800 

3,000  cubic  yards  excavation  of  earth,  at  20  cents 000 

7.000  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents   - 5, 250 

27,480  cubic  yards  core  wall  masonry,  at  $5 .  137, 400 

10.000  cubic  yards  puddle,  at  81 10,000 

14,5')0  cubic  yards  broken-stone  lining,  at  $1 .50 21 ,  750 

1 2, 0(iO  cubic  yards  soiling,  at  50  cents 6.000 

500,000  cubic  yards  embankment,  at  25  cents 125. 000 

43,500  square  yards  i)a  ving,  at  70  cents 30, 450 

36,mM)  square  yards  sodding,  at  20  cents 7. 200 


$51,000 


347, 400 


Total  cost  of  Salmon  River  reservoir 1.^50,000 

BLACK  RIVER  FEEDER. 
Right  of  way: 

Acres — 

1,000,  atSlOO §100,000 

1.000,at§75 75.000 

2,000,  at  §50 ..   .   100,000 

1,000,  at  §40 ..     40,000 

3,000,at$25 75,000 

l,000,at$10 10.000 

400, 000 

Clearing  and  burning  9 JO  acres  of  land,  at  §15 13, 950 

Clearing  and  grubbing  220  acres  of  land,  at  §40 8. 800 

Excavation  of  earth,  13,750,000  cubic  yards,  at  20  cents 2.  750, 000 

Excavation  of  hardpan,  1,180,000  cubic  yards,  at  35  cents 413, 000 

Excavation  of  shale  rock,  430,0(K)  cubic  yards,  at  55  cents  .   230, 500 

Excavation  of  sandstone  rock,  120.000  cubir  yards,  at  65  cents .  78, 000 

Excavation  of  limestone  rock,  1 ,950,000  cubic  yards,  at  65  cents 1. 267, 500 

Excavation  of  rock  in  tunnel,  1 16,000  cubic  yards,  at  §3 348, 0:>0 

Retaining-wall  masonry,  41,0(M)  cubic  yards,  at  §5 205, 000 

Riprap,  300,000  culic  yards,  at  §1.10 330.000 

Puddle.  200,000  cubic  yjirds,  ai  §1    200. 000 

Broken-stone  lining.  4.000  cubic  yards,  at  §1 .50 6, 000 

Slope  paving,  12.000  square  yanls.  at  70  cents 8. 400 

Channeling,  3. 1 50,000  square  feet,  at  10  cents ...   315, 000 
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Fencing: 

1  :^:j.«)UO  linear  feet  stone  wall ,  at  25  cents  _ $38, 250 

:J36,000  linear  feet  wire  fence,  at  10  cents 33, 600 

$66,a50 

Telephone  line.  100  miles,  at  ;{J330 33,000 

Farm  crassings,  43.  at  $2,500 107, 50) 

Dwellings  for  operation,  20,  at  §1,500 80,000 

Gnard  urates.  9  sets,  at  $U,(HK) 126,000 

Dredges,  o  dredges,  at  §27,000 81,000 

Shaft  for  tunnel 3.000 

Ditching  on  side  hills  about  cuts 5,000 

Planting  willows  and  special  protection  of  slopes . 25, 000 

Flood  water  channel  above  Camden: 

2ii0.0:)()  cubic  yards  excavation  of  earth,  at  20  cents $52. 000 

2  highway  })ridges,  at  S5,()00 10.000 

1  railroad  bridge 8,000 

70. 000 

Damage  to  water  powers  on  streams  tributary  to  feeder .  40,  (KK) 

Damage  to  water  powers  on  Fish  Creek 25, 000 

Railway  bridges: 

1  bridge  at  Station  4328.. $10,000 

I  bridge  at  Station  4537 10,000 

20,000 

Highway  bridges: 

1  at  eiich  of  the  following  stations — 

^)T>>i   2,500 

12+40 2.500 

iy-h80 2.500 

59+40 4,000 

104-hOO 2,500 

215-r70 : 2.500 

2s5-h50 3,000 

296+00 2,500 

324-rOO 2,000 

354+20 _ 2,000 

397+50 5,000 

502+30 2.500 

528+50.   .    4.000 

557+00 5.000 

700+00 3.000 

722+50 2.500 

750-^50 2.<:00 

7S3  +  20 2,000 

820+70 .. 2.000 

850+50 2,000 

927+30 4,000 

1072^70 4,000 

1173-1-nO 4.000 

1241  +  10.    4,000 

Spillway  of  Dam  No.  8 ._..  5,000 

1383-^00 .  25,000 

1405  +  00 6.500 

1460+60. ...  4,000 

1511+40 8,000 

1567-^10....   6,500 

1627  +  80 5,000 
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Highway  bridges— Continued. 

1  at  each  of  the  following  stations — 

l«4y-f00 $(5,50<) 

1735+70 6,500 

18«0-r40 7,000 

Ifll9-h70... 6.000 

1067-T-80 6,700 

2016-^60 6,500 

20y0-h80 6,700 

2141-h()0 4.000 

2207-1-20 3,500 

2231-rOO ...  3.500 

2342+90      . ...  0,500 

2399+80 .    6,500 

2475+00    6,500 

2530+00 6.500 

2633+80 5,000 

2659--(:0.. 5,000 

2904-r-OO .......  5,000 

4370-+-00 6,500 

4413+00 6,500 

4464-H80 7,000 

4537-^40 6,500 

4593-r40 7,r>00 

4630-^80 8.000 

4687+00  - 7,500 

4773-r30 6,500 

4797+50 6,500 


Bridges  on  Fish  Creek  (openings  to  be  enlarged): 

2  railway  bridges,  at  §7, (X)0 14.000 

10  highway  bridges,  at  $4,000 40,000 

Changes  of  highway: 

Linear  feet  of  new  highway  at  each  of  the  following  sta- 
tions- 
Station  1,  300 1.200 

11,200 400 

391,  1,300... 2.600 

557,  11,400 11.400 

700,  800 800 

1310,7,300 5,000 

1336,5,200 3,100 

Crossing  Dam  No.  8,  3,000  linear  feet  new  highway. .  .  5. 000 

1390,  l,(k)0 1,000 

1406,1.800 1,100 

1470.  1,300 SO!) 

1510,900- ..      m) 

1568,  1,300 SUO 

1732.2,000 1.200 

1852,  1,500 900 

1919,800. 800 

2016,800 500 

201H),  1,000. .- 600 

2390.  700 400 

2905,  1,000.   600 


•5293,300 


54, 000 
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Changes  of  highway — Continued. 

Linear  feet  of  new  highway  at  each  of  the  following  sta- 
tions. 

4:i7().  500 $:iOO 

4396,2,700 1,600 

4464,  :^,200 3,20J 

453r).2,600 .      l..')00 

4787,4,000.. 2.400 

$47,800 

Dam  No.  2,  at  West  Carthage: 

1  bailing  and  draining,  including  cofferdams,  etc 10, 775 

7,850  cubic  yards  foundation  excavation  of  rock,  at  $1.50 .  11. 775 

3,000  cubic  yards  excavation  of  earth,  at  2U  cents 600 

1 ,000  cubic  yards  embankment,  at  25  cents 250 

15,0(M)  cubic  yards  masonry  in  dam  and  retaining  wall,  at  $6.  90, 000 

440  cubic  yards  coping  on  dam  and  retaining  wall,  at  $15  .  6,  fiOU 

120,000 

Dam  No.  3: 

i  acre  clearing  and  grubbing,  at  $40 10 

1  bailing  and  draining 138 

425  cubic  yards  surface  stripping,  at  12  cents 27 

100  cubic  yards  excavation  of  earth,  at  20  cents 20 

100  cubic  yards  foundation  excavation  of  rock,  at  $1.50  . . .  150 

1 70  cubic  yards  core- wall  masonry,  at  $4 680 

50  cubic  yards  puddle,  at  $1 50 

70  cubic  yards  broken-stone  lining,  at  $1.50 1(^ 

60  cubic  yards  soiling,  at  50  cents .'JO 

800  cubic  yards  embankment,  at  25  cents 200 

220  square  yards  slope  paving,  at  70  cents 154 

ISO  square  yards  sodding,  at  20  cents 36 

Dam  No.  4,  Townsend  Brook:  ^'  ^^ 

3  acres  clearing  and  grubbing,  at  $40 120 

1  bailing  and  draining . 754 

2.0i)0  cubic  yards  surface  stripping,  at  12  cents 240 

20,000  cubic  yards  excavation  of  earth,  at  20  cents 4. 000 

3,700  cubic  yards  excavation  of  hardpan.  at  35  cents 1 ,  295 

1,240  cubic  yards  foundation  excavation  of  hardpan.  at  75 

cents _ 930 

3.800  cubic  yards  core- wall  masonry,  at  $4 15, 200 

1 ,200  cubic  yards  protection- wall  masonrv.  at  $5 6.  OOO 

1.910  cubic  yards  masonry  in  gatehouse  and  discharge  cul- 
vert, at  $6 11,4(K) 

lyt  cubic  yards  coping  on  gatehouse',  protection  walls,  and 

spillway,  at  $15 2. 325 

4,5( M)  cubic  yards  wasteway  paving,  at  $4 18, 000 

1 ,000  cubic  yards  broken-stone  lining,  at  $1 .50 1 .  500 

1,000  cubic  yards  puddle,  at  $1 1.00;) 

800  cubic  yards  soiling,  at  50  cents ..._. 400 

25,000  cubic  yards  embankment,  at  25  cents 6. 250 

3,0(M)  square  yards  slope  paving,  at  70  cents _  2. 100 

2.400  s(iuare  yards  sodding,  at  20  cents 480 

8,0(X)  pounds  Oi Much  steel  pipe,  at  7  cents 560 

800  pounds  Oinch  cast-iron  pipe,  laid,  at  2  cents 16 

3.000  pounds  steel  rods,  bolts,  etc.,  at  7  cents 210 

200  linear  feet  2i-inch  gate  stems,  at  00  cents 1 20 

60-inch  double  gate 1 ,  200 
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Dam  No.  4,  Townsend  Brook — Continued. 

2  6-inch  double  gates,  at  $10 ...  $20 

(>0-inch  flume  gate 400 

2  gate  stands,  at  $25 50 

2  gate  stands,  at  $10 20 

1  gatehouse  superstructure 800 

bridge  to  gatehouse 250 


Dam  No.  5:  Estimate  for  this  dam  is  included  in  estimate  of 
feeder  line,  Station  36i)-r50  to  Station  JW7-^3n. 

Dam  No.  6,  Rutland  Hollow  Creek: 

4  acres  clearing  and  grubbing,  at  §40 IGO 

1  bailing  and  draining 1, 152 

5,600  cubic  yards  surface  stripping,  at  12  cents 672 

l.OOO  cubic  yards  excravation  of  earth,  at  20  cents 320 

1  ,H20  cubic  yards  foundation  e-xcavation  of  rock,  at  $1 .50. .  2, 730 
260  cubic  yards  foundation  excavation  of  hard  pan,  at  75 

cents - ...  195 

8,840  cubic  yards  core- wall  masonry,  at  $4  .  35, 36(J 

1,010  cubic  yards  masonry  in  gatehouse  and  discharge  tun- 
nel,at?6 11,460 

3(K)  cubic  yards  masonry  in  spillway,  at  $5 1 ,  500 

46  cubic  yards  coping  on  gatehouse,  spill  way.  etc. ,  at  $15 . .  690 

2,100  cubic  yards  puddle,  at  $1 2,10^) 

3,150  cubic  yards  broken-stone  lining,  at  $1.50 4, 725 

2,650  cubic  yards  soiling,  at  50  cents . . 1, 325 

1 15,000  cubic  yards  embankment,  at  25  cents 28, 750 

9,450  8(iuare  yards  slope  leaving,  at  70  cents. 6, 615 

8,000  square  yards  sodding,  at  20  cents 1 .  600 

8,000  pounds  60-inch  steel  pipe,  at  7  cents 560 

5,000  i)ounds  steel  rods,  bolts,  etc. ,  at  7  cents 350 

800  i)Ounds  0-inch  cast-iron  pipe,  laid,  at  2  cents 16 

1(K)  line'ir  feet  holes  for  dowels,  at  10  cents 10 

200  linear  feet  2Hnch  steel  gate  stems,  at  60  cents 120 

60-inch  double  gate 1,200 

2  6-inch  doable  gates,  at  $10 20 

1  60-inch  flimie  gate 400 

2  gate  stands,  at  $25 50 

2  gate  stands,  at  §10 20 

1  gatehouse  superstructure    800 

bridge  to  gatehouse 250 

Dam  No.  7: 

2  acres  clearing  and  grubbing,  at  $4o 80 

I  bailing  and  draining -  -  -  115 

1 ,500  cubic  yards  surface  strip]iiug,  at  1 2  cents ISO 

6,600  cubic  yards  excavation  of  earth,  at  20  cents. . 1, 320 

1.100  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents - 825 

3,450  cubic  yjirds  core-wall  masonry,  at  $  I 13, 800 

1 .050  cubic  yards  puddle,  at  §1 1, 050 

700  cubic  yards  broken  stone  lining,  at  $1 .50. 1, 050 

670  cubic  yards  soiling,  at  50  cents 335 

21 ,500  cubic  yards  embankment,  at  25  cents 5, 375 

2,100  square  yards  slope  jiaving.  at  70  cents 1,470 

2,000  square  yards  sodding,  at  2n  cents 400 


$75, 700 


103, 150 


26,000 
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Dam  No.  S,  North  Branch  Sandy  Creek: 

2  acres  clearing  and  grubbing,  at  §40 $80 

1  bailing  and  draining 14. 872 

15,250  cubic  yards  surface  stripping,  at  12  cents      1 .  830 

116,000  cubic  yards  excavation  of  earth,  at  20  cents 23, 200 

3,700  cubic  yards  excavation  of  limestone  rock,  at  65  cents.  2. 405 
2,200  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents 1,695 

4. 700  cubic  yards  foundation  excavation  of  shale  rock,  at  $1  4. 700 
600  cubic  yards  foundation  excavation  of  limestone  rock, 

atS1.50 900 

34, 600  cubic  yards  masonry  in  core  walls,  at  §4 138. 400 

4, 070  cubic  yards  masonry  in  spillway,  and  protection  walls, 

at  $5 20,350 

450  cubic  yards  coping  on  piers,  spillway,  and  protection 

walls,  at  $15 6,750 

4,500  cubic  yards  wasteway  paving,  at  $4 18, 000 

8,250  cubic  yards  broken  stono  lining,  at  $1 8, 250 

9,150  cubic  yards  puddle,  at  $1  ..  9,150 

6,850  cubic  yards  soiling,  at  50  cents 3, 425 

312.(X)0  cubic  yards  embankment,  at  25  cents 78, 0(K) 

l,UOo  cubic    yards   masonry  in  gatehouse  and  discharge 

culvert,at$6 11,400 

25.000  8(iuare  yards  i>aviug,  at  70  cents ,  17, 500 

20,r,00  square  yards  sodding,  at  20  cents 4. 100 

12,(.00  feet  B.  M.  pine  timber,  at  $-U)  per  M 360 

12,000  fei't  B.  M.  oak  timber,  at  $40  per  M 480 

35,000  i)ounds  steel  I- beams,  at  5  cents 1 ,  750 

s.(KH)  i)ounds  60-inch  steel  pipe,  at  7  cents 560 

0,500  pounds  steel  rods,  bolts,  etc.,  at  7  cents 455 

J-^OO  pounds  6-inch  cast-iron  pipe,  laid,  at  2  cents 16 

620  linear  feet  holes  for  dowels,  at  1 0  cents 62 

600  linear  feet  2:^inch  steel  shafting  and  gate  stems,  at  60 

cents _ 360 

31  sets  operating  mechanism  lor  spillway  sluices,  at  $100. .  3, 100 

60-inch  double  gate    1,200 

2  6-inch  double  gates,  at  $510 20 

60-inch  flume  gate 400 

2  gate  stands,  at  $25 50 

2  gate  stands,  at  §10 20 

1  gatehouse  superstructure 800 

turbine,  with  gearing  and  shafting 600 

Dam  No.  0.  South  Branch,  Sandy  (.'reek: 

7  acres  clearing  and  grubbing,  at  §40 280 

I  bailing  and  draining 2, 600 

166,0:>0  cubic  yards  excavation  of  earth,  at  20  cents 3:3, 200 

11,()00  cuV>ic  yards  foundation  e.vcavation  of  shale  rock, 

at§l 11,000 

7.500  cubic  yards  of  rubble  masonry  backing,  at  §4 .  30. 000 

lO.O-M)  cubic  yards  face  ma^^onry .  at  sT 70, 000 

2. 000  cubic  yards  X)rotection-wall  masonry,  at  §5 10, 000 

4,500  cubic  yards  concrete,  at  §5 . .  22, 500 

460  cubic  yards  coping  on  dam,  spillway,  and  protection 

walls,  at  §15 6,900 


§375,240 


si;i97,r)00 
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Dam  No.  0.  South  Brnnch,  Sandy  Creek— Con  tinned. 

1 ,000  cubic  yards  embankment,  at  25  cents $250 

9,000  feet  B.  M.  pine  timber,  at  $:50  per  M 270 

8,000  feet  B.  M.  oak  timber,  at  §40  per  M ....  ;}20 

22,000  x>ound8  steel  I-beams,  at  5  c«nts 1 ,  100 

8,000  X)onnds  steel  rods,  bolts,  etc. ,  at  7  cents 560 

8,(X)0  pounds  60- inch  steel  pipe,  at  7  cents 560 

4,000  pounds  6-inch  cast-iron  pipe,  laid,  at  2  cents 80 

500  linear  feet  holes  for  dowels,  at  10  cents 50 

500  linear  feet  2j-inch  steel  shafting  and  gate  stems,  at  60 

cents J300 

10  sets  operating  mechanism  for  spillway  sluices,  at  $100  1.000 

2  60-inch  double  gates,  at$l,200 2.400 

4  6-inch  double  gates,  at  $10 40 

4  co-inch  flume  gates,  at  $400 1,600 

6  gate  stands,  at  $25 150 

4  gate  stands,  at  $10 .  40 

1  gatehouse  superstructure 800 

turbine,  with  shafting  and  gearing. 6(K) 

Dam  No.  10: 

1  acre  clearing  and  grubbing- 40 

1  bailing  and  draining  .   .   148 

650  cubic  yards  surface  stripping,  at  12  cents 78 

520  cubic  yards  excavation  of  earth,  at  20  cents 104 

300  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents 225 

1 ,000  cubic  yards  core- wall  masonry,  at  $4 4, 000 

800  cubic  yards  broken  stone  lining,  at  $1.50 450 

250  cubic  yards  soiling,  at  50  cents  . . 125 

350  cubic  yards  puddle,  at  $1 350 

6,(M)0  cubic  yards  embankment,  at  25  cents 1 ,  500 

900  square  yards  slope  paving,  at  70  cents 6^30 

750  square  yards  sodding,  at  20  cents 1 50 

Dam  No.  11,  Deer  Creek: 

2  acres  clearing  and  grubbing,  at  $10 sO 

1  bailing  and  draining  . 2.308 

56,300  cubic  yards  excavation  of  earth,  at  20  cents 11. 260 

12,000  cubic  yards  excavation  of  shale  rock,  at  55  cents.. .  6, 600 

12.000  cubic  yards  foundation  excavation,  shale  rock,  at  $1 .  12.  <m)0 
9,300  cubic  yards  rubble  backing  and  spillwa}'  masonry, 

at  $4 37,200 

1 .00 J  cubic  yards  protection- wall  masonry,  at  $5 5. 000 

9,700  cubic  yards  face  masonry,  at  $7 . 67.  i)00 

5,500  cubic  yards  concret e.  at  $5 27, 500 

430  cubic  yards  coping  on  dam  and  spillway,  at  $15 0, 450 

8,000  feet  B.  M.  pine  timber,  at  $30  j)er  M 210 

6,000  feet  B.  M.  oak  timber,  at  $40  i)er  M 240 

420  linear  feet  holes  for  dowels,  at  1 0  cents 42 

500  linear  feet  2] -inch  steel  shafting  and  gate  stems,  at  60 

cents 300 

8,000  pounds  00-:nch  steel  pipe,  at  7  cents 560 

15,000  pounds  steel  I-beams,  at  5  cents 750 

4,000  pounds  0-inch  cast-iron  pipe,  at  2  cents    80 


,800 
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Dam  No.  1 1 ,  Deer  Creek— Continued. 

8.0  )0  i)ound8  steel  rods,  bolts,  etc. ,  at  7  cents $.>60 

Hi  sets  operating  mechanism  for  spillway  sluices,  at  J^IOO. .  1. 300 

2  6U-iuch  double  j^ates,  at  $1,200 2.400 

4  6-inch  double  gates,  at  $10 40 

4  GO-inch  flume  gates,  at  $400 1.000 

C  gate  stands,  at  $25 .  150 

4  gate  stands,  at  $10 40 

1  gatehouse  superstructure 800 

turbine,  with  gearing  and  shafting (500 

Dam  No.  12,  Lorraine  Brook: 

i  acre  clearing  and  grubbing,  at  $10 20 

1  bailing  and  draining 1,170 

2,300  cubic  yards  excavation  of  earth,  at  2)  cents 460 

2,500  cubic  yards  foundation  excavation  of  sliale  rock,  at  $1 .  2, 500 

1,750  cubic  3-ards  rubble  backing  masonry,  at  $4 7, 000 

2.S50  cubic  yards  face  masonry,  at  $7 19. 950 

730  cubic  yards  concrete,  at  $5 3.650 

130  cubic  yards  coping  on  dam,  at  $15 1, 950 

400  cubic  yards  embankment,  at  25  cents 100 

Dam  No.  13: 

I  acre  clearing  and  grubbing 40 

1  bailing  and  draining 135 

700  cubic  yards  surface  stripping,  at  1 2  cents .  84 

300  (;ubic  yards  excavation  of  earth,  at  20  cents 00 

450  cubic  yards  core- wall  masonry,  at  $4 1 .  80;) 

250  cubic  yards  broken  stone  lining,  at  $1 .50 . . .     375 

210  cubic  yards  soiling,  at  50  cents _ 105 

4.000  cubic-yards  embankment,  at  25  cents . .  1 .  000 

150  cubic  yards  puddle,  at  $1 150 

750  square  yards  slope  paving,  at  70  cents ...  525 

630  square  yards  sodding,  at  20  cents _  1 26 

Dam  No.  14: 

i  acre  clearing  and  grubbing,  at  $40 10 

1  bailing  and  draining 80 

150  cubic  yards  surface  stripping,  at  12  cents 18 

150  cul>i(^  yards  excavation  of  earth,  at  20  cents 30 

135  cubic  yards  core- wall  masonry,  at  $4 540 

50  cubic  yards  broken-stone  lining,  at  $1.50 75 

42  cubic  yards  soiling,  at  50  cents 21 

520  cubic  yards  embankment,  at  25  cents 130 

65  cubic  yards  puddle,  at  $1 65 

150  s  luare  yards  slope  paving,  at  70  cents 105 

130  square  yards  sodding,  at  20  cents .  26 

Dam  No.  15.  Bear  Creek: 

3  acn  3  clearing  and  grubbing,  at  $40 120 

1  bailing  and  draining _  720 

3,400  cubic  yards  surface  stripjnng.  at  1 2  cents . .  408 

9,650  cubic  yards  excavation  of  earth,  at  20  cents 1 ,  030 

1 ,350  cubic  yards  foundation  excavation  of  shale  rock,  at  $1  1 ,  350 

5,000  cubic  yards  core-wall  masonry,  at  $4 20, 000 

1 . rOO  cubic  yards  broken-stone  lining,  at  $1 .50 2, 550 


$186,000 


36,800 


4,400 


1,100 
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Dam  No.  15,  Bear  Creek — Continued. 

1,4.')0  ctiV^ic  yards  soiling,  at  50  cents §725 

37,<K)0  cubic  yards  embankment,  at  25  c^nts . .  9. 250 

2,0()0  cubic  yards  puddle,  at  $1 2,  <iOO 

5.100  square  yards  sloix*  x)aving,  at  TO  cents :^.  570 

4,:riO  square  yards  sodding,  at  20  cents 87o 


Dam  No.  IG: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining 430 

1,;J00  cubic  yards  surface  stripping,  at  12  cents 15<$ 

2.200  cubic  yards  excavation  of  earth,  at  20  cents  _ 440 

400  cubic  yards  foundation  e-tcavation  of  hardpan.  at  75 

cents 300 

1 ,700  cubic  yards  core- wall  masonry,  at  §4 <l.  <S0<) 

050  cubic  yards  broken-stone  lining,  at  §1.50 975 

5;J0  cubic  yards  soiling,  at  50  cents 265 

10,00!>  cubic  yards  embankment,  at  25  cents 4,  OiK) 

7(X)  cubic  yards  puddle,  at  §1 7oO 

1 ,950  square  yards  slope  jiaving.  at  70  cents 1 .  365 

1 ,000  s(iuare  yards  sodding,  at  20  cents 320 


Dam  No.  17,  Skinner  Creek: 

2  acres  clearing  and  grubbing,  at  §40 8n 

1  bailing  and  draining 680 

2,150  cubic  yards  surface  stripping,  at  12  cents 258 

5,400  cubic  yards  excavation  of  earth,  at  20  cents 1 ,  080 

470  cubic  yards  foundation  excavation  of  shale  rock,  at  §1 .  470 

3,000  cubic  yards  core- wall  masonry,  at  S4 . .  §12. 000 

1,050    cubic    yards     gatehouse    and     discharge-culvert 

masonry,  at  §(>  _ 6, 300 

200  cubic  yards  protection- wall  masonry,  at  §5 1 .  000 

30  cubic  yards  coping  on  gatehouse  and  protection  walls, 

at  §15 ..  450 

1,225  cubic  yards  puddle,  at  §1 1 ,  225 

25.600  cubic  yards  embankment,  at  25  cents 6, 400 

1,100  cubic  yards  broken- stcme  lining,  at  §1 .50 . .    1 . 6.50 

900  cubic  yards  soiling,  at  50  cents 450 

3,300  sciuare  yards  slope  paving,  at  7<)  cents 2. 310 

2.700  stiuare  yards  sodding,  at  20  cents 540 

8.000  pounds  60-inoh  steel  pipe,  at  7  cents. _  500 

3.000  pounds  steel  rods,  l)olt8,  etc..  at  7  cents 210 

800  pounds  6-inch  cast-iron  pipe,  at  2  cent^ 16 

120  linear  feet  gate  stems  and  couplings,  at  ()0  cents .  72 

60-incli  double  gate 1 ,  200 

2  (J-inch  double  gates,  at  §10 20 

GO-inch  tiumegate 400 

2  gate  stands,  at  §25 50 

2  gate  stands,  at  §1 0 20 

1  gatehouse  sui)erstructure            ... 800 

bridge  to  gatehouse 250 

Dam  No.  ly: 

2  acres  clearing  and  grubbing,  at  §40 80 

1  bailing  and  draining 492 

2,G50  cubic  yards  surface  stripping,  at  12  cents 318 


$43, 503 


15,800 


3S, 500 
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Dam  No.  18 — Continued. 

1 ,501)  cubic  yards  excavation  of  earth,  at  20  cents. .  $300 

720  cubic  yards  foundation  excavation  of  shale  rock,  at  SI  -  720 

3,350  cubic  yards  core- wall  masonry,  at  $4 13, 400 

1,500  cubic  yards  puddle,  at  $  I     1,500 

42,00 )  cubic  yard'*  embankment .  at  25  cents 10. 500 

1 ,300  cubic  yards  broken-stone  lining,  at  $1.50 1 ,  950 

1,100  cubic  yards  soiling  at  HI  cents 550 

3,1K)0  square  yards  slope  paving,  at  70  cents. 2. 730 

3,300  square  yards  sodding,  at  20  cents 660 

Dam  No.  19: 

2  acres  clearing  and  grubbing,  at  $40 80 

1  bailing  and  draining 379 

2,2.)0  cubic  yards  surface  stripping,  at  1 2  cents 264 

1.100  cubic  yards  excavation  of  earth,  at  20  cents 220 

640  cubic  yards  foundation  excavation  of  hardx)an,  at  75 

cents... 480 

2  50  cubic  yards  core-wall  masonry,  at  $4 11,  (KM) 

24.000  cubic  yards  embankment,  at  2'i  cents 6, 000 

1/20  cubic  yards  broken  stone  lining,  at  $1.50 1,680 

930  cubic  yards  aoJliug  at  50  cents 465 

1,000  cti  sic  yards  puddle  at  $1    1,000 

3,360  square  yards  slop©  iraving,  at  70  cents 2, 352 

2,800  square  yards  sodding,  at  20  cents ...   5C0 

Dam  No.  20,  South  Branch  Skinner  Creek: 

3  acres  clearing  and  grubbing  at  $40 120 

1  bailing  and  draining 478 

3,350  cubic  yards  finrfa.ce  stripi ling  at  12  cents 402 

1,400  cubic  yards  excavation  of  earth,  at  20  cents 280 

960  cubic  yards  foundation  excavation  of  hardj^an,  at  75 

cents 720 

4,000  cubic  yards  core-wall  masonry,  at  $4 16, 000 

1,420  cubic  yards  puddle,  at  $1 1,420 

37,000  cubic  yards  embankments  at  25  cents  .  9, 250 

1,730  cubic  yards  broken-stone  lining,  at  $1.50 2, 595 

1 ,450  cubic  yards  soiling  at  .10  cents     725 

5,200  siiuare  yards  slope  paving,  at  70  cents 3, 640 

4.350  square  yards  sodding,  at  20  cents 870 

Dam  No.  21: 

3  acres  clearing  and  grubbing,  at  $40 120 

1  bailing  and  draining 726 

4,200  cubic  yards  surface  stripping,  at  12  cents 504 

4.300  cubic  yards  excavation  of  earth,  at  20  cents 860 

740  cubic  yards  foundation  excavation  of  hardpan.  at  75 

cents 555 

4,750  cubic  yards  core- wall  masonry,  at  $4 19, 000 

2,001)  cubic  yards  puddle,  at  $1 2.000 

2,250  cubic  yards  broken -atone  lining,  at  $1 .50 3, 375 

76.."irM3  tniLih'  yarfls  embankment, at  ^  i  cents 19, 125 

1,H50  cubic  yardd  soiling  at  50  events    _ .   925 

6,70i)  s  !uaro  yards  -^  ope  paving  at  TO  cents  ...     ...  4. 690 

5,000  81 1 uare  yards  sodding,  at  20  cents 1 , 1 20 


$33,200 


24,480 


86.500 


53,000 


DEEP    WATERWAYS.  927 

DamNo.2C: 

1  acre  clearing  and  grubbing $40 

1  bailing  and  draining 239 

950  cubic  yards  surface  stripping,  at  12  cents 114 

950  cubic  yards  excavation  of  earth,  at  20  cents 190 

400  cubic  yards  foundation  excavation  of  liardpan,  at  75 

cents 300 

1 .1 00  cubic  yards  core- wall  masonry,  at  $4 4, 640 

400  cubic  yards  puddle,  at  SI  --  400 

450  cubic  yards  broken-stone  lining,  at  §1.50 675 

370  cubic  yards  soiling,  at  50  cents 185 

5,400  cubic  yards  embankment,  at  25  cents 1 ,  350 

1 ,350  s<itiare  yards  sloi)e  paving,  at  70  cents 945 

1,110  square  yards  sodding,  at  20  cents 222 


Dam  No.  23: 

1  acre  clearing  and  grubbing. 40 

1  bailing  and  draining 812 

1 ,100  cubic  yards  surface  stripping,  at  1 2  cents 132 

2,250  cubic  yards  excavation  of  earth,  at  20  cents 450 

400  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents 300 

1 ,500  cubic  yards  core- wall  masonry,  at  $4 _ 6. 000 

550  cubic  yards  puddle,  at  $1 550 

460  cubic  yards  broken  stone  lining,  at  $1 460 

400  cubic  yards  soiling,  at  50  cents 200 

10.200  cubic  yards  embankment,  at  25  cents 2. 550 

1 ,380  square  yards  slope  paving,  at  70  cents 966 

1,200  square  yards  sodding,  at  20  cents 240 


Dam  No.  24,  Lindsay  Creek: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining  .   252 

900  cubic  yards  surface  stripping,  at  12  cents 108 

400  cubic  yards  excavation  of  earth,  at  20  cents 80 

420  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  420 

1,200  cubic  yards  core- wall  masonry,  at  $4.. 4,800 

350  cubic  yards  broken-stone  lining,  at  $1 . 50 525 

310  cubic  yards  puddle,  at  $1.. 310 

300  cubic  yards  soiling,  at  50  cents    150 

4,400  cubic  yards  embankment,  at  25  cents 1 .  100 

1 ,050  square  yards  slope  paving,  at  70  cents 735 

900s<iuare  yards  sodding,  at  20  cents 180 


Dam  No.  25: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining 204 

1.500  cubic  yards  surface  stripping,  at  1 2  cents 180 

5,500  cu})ic  yards  excavation  of  earth,  at  20  cents 1 ,  100 

540  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents .    405 

2,275  cubic  yards  core- wall  masonry,  at  $4 9,  KM) 

940  cubic  yar.ls  puddle,  at  SI -   940 

750  cubic  yards  brokon-stone  lining,  at  81.50 1, 125 

010  cubic  yards  soiling,  at  50  cents 305 


$9,300 


12,200 


8,700 
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Dam  No.  25— Continued. 

30,800  cubic  yards  embankment,  at  25  cents $5, 200 

2,250  square  yards  slope  paving,  at  70  cents 1 ,  575 

1,8J30  square  yards  sodding,  at  20  c^nts 366 

Dam  No.  26: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining .  265 

J)00  cubic  yards  surface  stripping,  at  13  cents 108 

500  cubic  yards  excavation  of  earth,  at  20  cents  100 

860  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  360 

1,100  cubic  yards  core-wall  masonry,  at  .^4 4, 400 

370  cubic  yards  puddle,  at  $1  _ 370 

420  cubic  yards  broken-stone  lining,  at  $1.50 630 

350  cubic  yards  soiling,  at  50  cents 1 75 

7,240  cubic  yards  embankment,  at  25  cents 1,810 

1,260  square  yards  slope  paving,  at  70  cents 882 

1,050  square  yards  sodding,  at  20  cents 210 

Dam  No.  27: 

2  acres  clearing  and  grubbing,  at  $40 ><0 

1  bailing  and  draining 398 

1,900  cubic  yards  surface  stripping,  at  13  cents ...  228 

650  cubic  yards  excavation  of  earth,  at  20  cents 130 

470  cnbic  yards  foundation  excavation  of  shale  rock,  at  $1 .  470 

1,950  cubic  yards  core- wall  masonry,  at  $4 7, 800 

740  cubic  yards  puddle,  at  §1 740 

900  cubic  yards  broken-stone  lining,  at  .$1 .50 1, 350 

18,400  cubic  yards  embankment,  at  25  cents  . 4, 600 

740  cubic  yards  soiling,  at  50  cents  . 370 

2,700  square  yards  slope  paving,  at  70  cents 1 ,  890 

2,220  sciuare  yards  sodding,  at  20  cents .  444 

Dam  No.  28: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining 127 

800  cubic  yards  surface  stripping,  at  12  cents JKJ 

520  cubic  yards  excavation  of  earth,  at  20  cents 104 

400  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  400 

970  cubic  yards  core- wall  masonry,  at  $4 3. 880 

300 cubic  yards  puddle,  at  $1 300 

330  (rubic  yards  broken  stone  lining,  at  $1.50 . . .  495 

280  cubic  yards  soiling,  at  50  cents 140 

4.200  cubic  yards  embankment,  at  35  cents ,  1 ,  050 

1  ,(K>0  s  luare  yards  leaving,  at  70  c^nts  .'. 7(X) 

840  square  yards  sodding,  at  20  cents 1 68 

Dam  No.  29,  Little  Sandy  Creek: 

3  acres  clearing  and  grubbing,  at  .^40 120 

1  lailing  and  draining 1, 335 

1,500  cubic  yards  surface  stripping,  at  12  cents 180 

50.000  cubic  yards  excavation  of  earth,  at  20  cents 10. 000 

2,300  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 ..  2, 3(K) 

1 .500  cubic  yards  core- wall  masonry,  at  $4 6, 000 

1.720  cubic  yards  spillway  and  protection- wall  masonry, 

at  $"5 ,..  8.600 


$20,600 


0,350 


18, 500 


7,500 
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Dam  No.  29,  Little  Sandy  Creek— Continued. 

182  cubic  yards  spillway  and  protection- wall  coping,  at 

$ir,  ..  $3,730 

3,500  cubic  yards  wasteway  paving,  at  §4  _  14, 000 

700  cubic  yards  broken-stone  lining,  at  §1.50 1,050 

600  cubic  yards  soiling,  at  50  cents  .       300 

15,000  cubic  yards  embankment,  at  L»5  cents 8, 750 

520  cubic  yards  puddle,  at  $1 520 

700  cubic  yards  concrete,  at  $5 3.500 

2,100  square  yards  slope  paving,  at  70  cents 1,470 

1,800  sciuare  yards  sodding,  at  20  cent« 360 

5,000  feet  B.  M.  pine  timber,  at  $30  per  M 150 

5,000  feet  B.  M.  oak  timber,  at  $40  per  M 200 

400  linear  feet  holes  for  dowels,  at  K)  cents     40 

200  linear  feet  2i-inch  steel  shafting. at  00  cents 120 

2,500  pounds  steel  rods,  bolts,  etc. ,  at  7  cents 175 

15,000  pounds  steel  I-beanis.  j.t  5  cents  — 750 

13  sets  operating  mechanisms  for  spillway  sluices,  at  $100.  1, 300 

turbine,  with  shafting  and  gearing 600 


Dam  No.  30: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining 290 

1 ,250  cubic  yards  surface  stripping,  at  1 2  cents 150 

500  cubic  yards  excavation  of  earth,  at  20  cents 100 

500  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  500 

1 , 1 50  cubic  yards  core- wall  masonry,  at  $4 4, 600 

100  cubic  yards  puddle,  at  $1   160 

600  cubic  yards  broken- stone  lining,  at  $1 .50 900 

500  cubic  yards  soiling,  at  50  cents 250 

9,000  cubic  yards  embankment,  at  25  cents 2, 250 

l,yOO  square  yards  slope  paving,  at  70  cents 1,260 

1 ,500  square  yards  scnlding,  at  20  cents 300 

Dam  No.  31: 

I  acre  clearing  and  grubbing 40 

1  bailing  and  draining 294 

800  cubic  yards  surface  stripping,  at  1 2  cents 96 

700  cubic  yards  excavation  of  earth,  at  20  cents 1 40 

500  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  500 

1,050  cubic  yards  core- wall  masonry,  at  §4 4, 200 

300  cubic  yards  puddle,  at  .SI - 300 

300  cubic  yards  broken-stone  lining,  at  §1 .50 450 

250  cubic  yards  soiling,  at  5o  cents 125 

7,500  cubic  yards  embankment,  at  25  cents .  1,875 

900  S(iuare  yards  slope  paving,  at  70  centa 6:30 

750  square  yards  sodding,  at  20  cents _  150 

Dam  No.  32: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining 269 

1,250  cubic  yards  surface  stripping,  at  12  cents 150 

550  cubic  yards  excavation  of  earth,  at  20  cents 110 

870  cubic  yards  f  oun<lat:on  excavation  of  shale  rock,  at  $1  _  370 

1,060  cubic  yards  core- wall  masonry,  at  §4 4, 240 

II.  Doc.  14rU :/» 


$59,550 


10,800 


8,800 


930  DEEP   WATERWAYS. 

Dam  No.  3.3— Continned. 

4130  cubic  yards  ])U(ldle.  at  $1 $4fi0 

560  cnbic  yards  broken-stone  lining,  at  $1 .50 840 

450  cubic  yards  soiling,  at  50  cents 225 

7,000  cubic  yards  embankment,  at  25  cents 1,750 

1.680  square  yards  paving,  at  70  cents 1, 176 

1 ,350  sfiuare  yards  sodding,  at  20  cents 270 

Dam  No.  ;W: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining 376 

1 ,400  cubic  yards  surface  stripping,  at  12  cents 168 

900  cubic  yards  excavation  of  earth,  at  20  cents 180 

500  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  500 

1 ,270  cubic  yards  core- wall  masonry,  at  $4 5, 080 

530  cubic  yards  puddle,  at  81  530 

570  cubic  yards  broken-stone  lining,  at  $1 .50 855 

460  cubic  yards  soiling,  at  50  cents 2;30 

6,300  cubic  yards  embankment,  at  25  cents 1, 575 

1 ,700  square  yards  slope  paving,  at  70  cents 1, 190 

1 ,380  square  yards  sodding,  at  20  cents 276 

Dam  No.  34: 

1  acre  clearing  and  grubbing.. - 40 

1  bailing  and  draining 140 

450  cubic  yards  surface  stripping,  at  1 2  cents 54 

300  cubic  yards  excavation  of  earth,  at  20  cents   60 

200  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  200 

460  cubic  yards  core- wall  masonry,  at  $4 1 ,  840 

175  cubic  yards  puddle,  at  $1 175 

170  cubic  yards  broken-stone  lining,  at  $1 .50 255 

140  cubic  yards  soiling,  at  50  cents 70 

2,100  cubic  yards  embankment,  at  25  cents 525 

510  sciuare  yards  slope  paving,  at  70  cents 357 

420  square  yards  sodding,  at  20  cents 84 

Dams  Nos.  35  and  36: 

2  acres  clearing  and  grubbing,  at  §40 80 

1  bailing  and  draining 249 

2,.*^00  cubic  yards  surface  stripping,  at  1 2  cents 336 

3,00<^^)  cubic  yards  excavation  of  earth .  at  20  cents 600 

2,S(M)  cubic  yards  core  wall  masonry,  at  $4  11, 200 

1,100  cubic  yards  puddle,  at  §1 1,100 

1,1.*)()  cubic  yards  broken-stone  lining,  at  $1.50 .T.  1,725 

000  cubic  yards  staling,  at  50  cents  .    475 

12,200  cubic  yards  embankment,  at  25  cents 3, 050 

3.450  square  yards  slope  paving,  at  70  cents. 2.415 

2,850  square  yards  sodding,  at  20  cents 570 

Dam  No.  37: 

i  acre  clearing  and  grubbing,  at  §40 20 

1  bailing  and  draining 193 

GOO  cubic  yards  surface  stripping,  at  1 2  cents 72 

5U0  cubic  yards  excavation  of  earth,  at  20  cents 100 

320  cubic  yards  foundation  excavation  of  shale  rock,  at  $1.  320 

600  cubic  yards  core- wall  masonry,  at  §4  2, 400 


$9,900- 


11,000 


8,800 


21,800 
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Dam  No.  37 — Continued. 

230  cubic  yards  pmldle.  at  §1 $230 

230  cubic  yards  broken -i*tone  lining,  at  $1.50 345 

190  cubic  yards  Boiling:  at  50  cents .  95 

2,500cubic  y?^r*N  4^fnl'^M-kv!f^vt,  at  25  cents 625 

700  square  yards  slox)e  paving,  at  TO  cents . .  490 

550  square  vards  sotlding,  at  20  cents 110 

$5,000 

Dam  No.  38: 

i  acre  clearing  and  grubbing,  at  $40 20 

1  bailing  and  draining  . IHl 

525  cubic  yards  surface  stripping,  at  12  cents OJJ 

400  cubic  yards  excavation  of  earth,  at  20  cents 80 

310  cubic  yards  foundation  excavation  of  shale  rock,  at  $1  _  310 

900  cubic  yards  core-  s\ at  mason ry ,  at  $4 3, 600 

200cubic  yardsimddle.  atS    200 

200  cubic  yards  broken-stone  1  ining,  at  $1. 50 300 

160  cubic  yards  smli  nu  at  5i)  cents 80 

2,200  cubic  yards  embankment,  at  25  cents..  550 

600  square  yards  slope  paving,  at  70  cents 420 

480  square  yards  sodding,  at  20  cents.-  _ 96 

5,900 

Dam  No.  39: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining 263 

1,4(X)  cubic  yards  surface  stripping,  at  12  cents 168 

4,200  cubic  yards  excavation  of  earth,  at  20  cents 840 

52U  cubic  i'ardn  fonoflatioii  excavation  of  shale  rock,  at  $1  -  520 

70<> cubic  yards  core- wall  masonry,  at  $4 6,800 

8(K)  cubic  yards  puddle,  at  $1 800 

570  cubic  yards  broken-Btone  lining,  at  $1.50 855 

470  cubic  yards  hojI  ng  at  5i>centfl 2:35 

8,800  cubic  yards  embankment,  at  25  cents 2.200 

1,710  square  yards    I o[)€i  paving,  at  70  cents 1.197 

1,41 0  square  yards  sodding,  at  20  cents 282 


Dam  No.  40.  Trout  Brook: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining  ..... 254 

1100  cubic  yardn  surface  stripping,  at  12  cents 132 

600  cubic  yards  excavation  of  earth,  at  20  cents 120 

420  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  420 

1 ,350  cubic  yard's  core- wall  masonry,  at  $4 5, 400 

450  cubic  yards  puddle,  at  *1 450 

520  cubic  yards  bnik--n-stone  lining,  at  $1.50 780 

420  cubic  yards  soiling, at  ."iO cents -. 210 

9,000  cubic  yards  embankment, at  25  cents. 2,250 

1,560  square  yards  slope  paving,  at  70  cents 1, 092 

1.260  scjuare  yards  sodding,  at  20  cents 252 

Dam  No.  41: 

^  acre  clearing  and  grubbing,  at  §40 20 

1  bailing  and  draining 290 

625  cubic  yards  surface  stripping,  at  12  cents 75 

2,400  cubic  yards  e.cavatinn  of  earth,  at  20  cents 480 

'  400  cubic  yards  foundation  excavation  of  shale  rock,  at  $1 .  400 


14,200 


11,400 
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Dam  No.  41 — Continued. 

1,100  cubic  yards  core-wall  masonry,  at  $4 $4,400 

250  cubic  yards  broken-stone  lining,  at  $1 .50 375 

600  cubic  yards  soiling,  at  50 cents.   300 

370  cubic  yards  puddle,  at  $1 .  370 

3,700  cubic  yards  embankment, at  25  cents 925 

750  S'luare  yards  slope  paving,  at  70  cents 525 

200  S4iuare  yards  sodding,  at  20  cents 40 

Dam  No.  4,\  South  Branch  of  Trout  Brook: 

2  acres  clearing  and  grubbing,  at  $40  80 

1  bailing  and  draining    506 

1,150  cubic  yards  surface  stripping,  at  12  cents 138 

3,000  cubic  yards  excavation  of  earth,  at  20  cents 600 

500  cubic  yards  foundation  excavation  of  rock,  at  $1.50  ._.  750 

1 ,225  cubic  yards  core- wall  masonry ,  at  $4     4, 900 

450  cubic  yards  gatehouse  and  discharge-culvert  masonry, 

at$r.  ..!  2,700 

15  cubic  yards  coping  on  gatehouse,  at  $15 225 

550  cubic  yards  puddle,  at  $1   -   . 550 

470  cubic  yards  broken -stone  lining,  at  $1 .50 705 

390  cubic  yards  soiling,  at  50  cents _ 195 

8,000  cubic  yards  embankment,  at  25  cents 2, 000 

1.410  s<iuare  yards  slope  paving,  at  70  cents 987 

1,170  square  yards  soiling,  at  20  cents    234 

8,0<X)  x)Ounds  00-inch  steel  pipe,  at  7  cents 560 

800  pounds  6-inch  cast-iron  pii)e,  at  2  cents 16 

2,000  x)Ounds  steel  ro<ls,  bolts,  etc. .  at  7  cents 140 

40  linear  feet  gate  stems  and  couplings,  at  00  cents 24 

OO-inch  flume  gate 400 

60-inch  double  gate 1,000 

2  <Mnch  double  gates,  at  $10 20 

2  gate  stands,  at  $25 50 

2  gate  stands,  at  $10 20 

1  gatehouse  superstructure 800 

bridge  to  gatehouse 150 

Dam  No.  43: 

1  acre  clearing  and  grubbing .....  - 40 

HOO  cubic  yards  surface  stripping,  at  12  cents 96 

3,5(K)  cubic  yards  embankment,  at  25  cents 875 

480  cubic  yards  puddle,  at$l 486 

330  cubic  yards  broken-stone  lining,  at  $1 .50 495 

280  cubic  yards  soiling,  at  50  cents 140 

500  cubic  yards  excavation  of  earth,  at  20  cents 100 

1,000  square  yards  slope  paving,  at  70  cents 700 

840  s(iuare  yards  sodding,  at  20  cents 168 

Dam  No.  44: 

I  acre  clearing  and  grubbing.. 40 

1  bailing  and  draining 321 

700  cubic  yards  sur  1  ace  stripping,  at  1 2  cents 84 

2.000  cubic  yards  excavation  of  earth,  at  20  cents 400 

280  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents 210 


$8,200 


17,750 


3,100 
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Dam  No.  U— Continued. 

810  cnbic  yards  core- wall  masonry,  at  >?  1 $3. 2J0 

400  cubic  yards  puddle,  at  $1 400 

300  cubic  yards  broken-stone  lining,  at  §1.50 450 

250  cubic  yards  soiling,  at  50  cents  .  _ 125 

4,2(X)  cubic  yards  embankment,  at  25  centf» 1 ,  o50 

900  Siiuare  yards  jjavin^,  at  TO  cents 030 

750  square  yards  sodd inu:,  at  20  cents 150 


Dam  No.  45,  Orwell  Brook: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining 262 

1 ,025  cubic  yards  surface  stripping,  at  12  cents 123 

8,200  cubic  yards  excavation  of  earth,  at  20  cents 640 

50«)  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents.. 375 

1 ,850  cubic  yards  core- wall  masonry,  at  $4 7, 400 

700  cubic  yards  puddle,  at  J?l 700 

600  cubic  yards  broken-stone  lining,  at  §1 .50     900 

500  cubic  yards  soiling,  at  50  cents.       250 

9,000  cubic  yards  embankment,  at  25  cents 2. 250 

1 ,800  square  yards  slope  paving,  at  70  cents 1. 260 

1 ,500  B  ! uare  yards  sodding,  at  20  cents 300 

Dam  No.  Afk 

I  acre  clearing  and  grubbing 40 

1  bailing  and  draining 233 

1 ,100  cubic  yards  surface  stripping,  at  1 2  cents 1 32 

1 ,200  cubic  yards  excavation  of  earth,  at  20  cents 240 

900  cubic  yards  core- wall  masonry,  at  .i)4 3, 600 

500  cubic  yards  puddle,  at  $1 500 

400  cubic  yards  broken-stone  lining,  at  $1.;><J 600 

330  cubic  yards  soiling,  at  50  cents 165 

5,000  cubic  yards  embankment,  .at  25  cents 1, 250 

1 ,200  scjuaro  yards  paving,  at  70  cents 840 

1,000  sijuare  yards  sodding,  at  20  cents 200 

Dam  No.  47,  Salmon  River: 

5  acres  clearing  and  grubbing,  at  $40 200 

1  bailing  and  draining 7,560 

10,000  cubic  yards  excavation  of  earth,  at  20  cents 2, 000 

70,000  cubic  yards  excavation  of  sandstone  rock,  at  65  cents.  45, 500 

25/)00  cubic  yards  backing  and  core- wall  masonry,  at  $5  . .  125, 000 

5,000  cubic  yards  face  masonry,  at  §T 35, 000 

7,200  cubic  yards  granite  spillway  masonry,  at  $15 108, 000 

500  cubic  yards  granite  coping  on  spillway,  at  §25 12, 500 

200  cubic  yards  coping  on  dam  and  wing  walls,  at  $15  ...  3, 000 

8,(K)0  cubic  yards  concrete,  at  $5 15,000 

8,000  cul >ic  yards  embankment,  at  25  cents 2, 000 

400  cubic  yards  broken-stone  lining,  at  $1 .50 600 

1,200  s  luare  yards  slo])e  paving,  at  70  cents 840 

800  linear  feet  holes  for  dowels,  at  10  cents  80 

260  linear  feet  gate  stems  with  couplings,  at  60  cents 150 

5,000  feet  B.  M.  oak  timl)er,  at  $40  per  M 200 

5,000  feet  B.  M.  pine  timber,  at  $30  jwr  M 1 50 


$7,000 


14,500 


7,800 
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Dam  No.  47.  Salmon  River— Continued. 

24,000  pounds  Tt3  and  30  inch  steel  pipe,  at  7  cents $1, 680 

10,000  pounds  steel  rods,  bolts,  etc. ,  at  7  cents 700 

4,000  pounds  6-incli  cast-iron  pii>e,  at  2  cents 80 

2  72-inch  double  gates,  at  $1,500 3,000 

86-inch  double  gate 350 

6  6-inch  double  gates 60 

2  72-inch  flume  gates,  at$700 1.400 

36-inch  flume  gate 250 

4  gate  stands,  at  $25 100 

2gate  stands,  at  $20 40 

6  gate  stands,  at  $10 60 

1  gatehouse  superstructure 1,000 

Dam  No.  48:  No  dam  retjuired. 
Dam  No.  41»: 

^  acre  clearing  and  grubbing,  at  $40 20 

1  bailing  and  draining 180 

500  cubic  yards  surface  stripping,  at  12  cents 60 

600  cubic  yards  excavation  of  earth,  at  20  cents 120 

540  cubic  yards  core- wall  masonry,  at  $5 2, 700 

240  cubic  yards  puddle,  at$l 240 

200  cubic  yards  broken-stone  lining,  at  $1.50 300 

170  cubic  yards  soiling,  at  50  cents    85 

3,5O0  cubic  yards  embankment,  a*  25  cents 875 

600  s<iuare  yards  8lv.i)e  paving,  at  70  cents 420 

500  s(|UHre  yards  sodding,  at  20  centft. 100 

Dam  No.  50.     Beaver  Dam  Brook,  to  be  a  timber  dam,  to  cost 

complete 

Dam  No.  51.     Drop  into  Upper  Kasoag  Pond: 

2  acres  clearing  and  grubbing,  at  $-10 80 

1  bailing  and  draining 1 ,  430 

1,000  cubic  yards  surface  stripping,  at  12  cents 120 

80,000  cubic  yards  excavation  of  earth,  at  20  cents 16, 0(K) 

1,400  cubic  yards  core- wall  masonry,  at  $') 7, 000 

3,000  cubit;  yards  spillway  and  protection- wall  masonry, 

at$0    IS.OOO 

200  cubic  yards  coping  on  spillway  and  protection  walls, 

at$15 3,<K)0 

700  cubic  yards  puddle,  at  $1 700 

1,650  cuhic  yards  wasteway  i)aving,  at  $4 0,  (KM) 

1,050  cubic  yards  broken-stone  lining,  at  $1.50 1, 575 

300  cubio  yards  soiling,  at  50  crnts 150 

7, (MX)  cubic  yards  embankment,  at  25  cents .  1, 750 

350  square  yards  slop'' pavinij:,  at  70  cents 245 

000  8  uare  yanls  sodding,  at  20  cents 1 80 

300  linear  feet  holes  for  dowel**,  at  10  cents 30 

2.0()<)  pounds  steel  rods,  at  7  cents 140 

Dam  No.  5.?.     Drop  from  Lower  Kasoag  Pond  to  Fish  Creek: 

4  acres  clearing  and  grubbing,  at  $40 160 

1  bailing  and  draining 1.020 

60,01 10  cubic  yards  excavation  of  earth,  at  20  cents 12, 000 

600  cubic  yards  rubble  masonry,  at  $5 3, 000 


$366,500 


5,100 
1,000 


57,000 
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Dam  No.  52— Continued. 

4,000  cubic  y;iT(ls  spillway  and  protection- wall  masonry, 

.     at$0 * $-24,000 

300  cubic  yards  coping  on  spillway  and  protection  walls, 

at$15 4,500 

400  cubic  yards  puddle,  at§l 400 

10,400  cubic  yards  waste  way  paving,  at  $4 41,600 

13,000  cubic  yards  embankment,  at  So  cents 750 

300  linear  feet  holes  for  dowels,  at  1 0  cen ts 30 

2,000  pounds  steel  rods,  at  7  cents 140 


Dam  No.  53,  head  of  flood  water  channel  above  Camden: 

1  bailing  and  draining    . . 1,  s70 

10,000  cubic  yards  excavation  of  earth,  at  20  cents 3, 200 

1, 400  cubic  yards  spillway  and  protection- wall  masonry,  at 

$5 7,000 

170  cubic  yards  coping  on  spillway  and  protection  walls, 

at$15-.. - 2,550 

300  cubic  yards  puddle,  at  |1 300 

2,000  cubic  yards  embankment,  at  25  cents 500 

1 ,200  cubii^  yards  wasteway  paving,  at  $4 4, 800 

8,000  feet  B.  M. pine  timber,  at  $30i>er  M 240 

8,000  feet  B.  M.  oak  timber  at  $40  per  M 320 

500  linear  feet  holes  for  dowels,  at  10  cents  . .   50 

400  linear  feet  2i-inch  steel  shafting,  at  60  cents 240 

3,000  pounds  steel  rods,  bolts,  etc.,  at  7  cents 210 

22,400  i)Ounds  steel  I-beams,  at  5  cents 1 ,  120 

20  sets  operating  mechanisms  for  spillway  sluices,  at  $100.  2, 000 

1  turbine,  with  gearing  and  shafting,  at  $600 600 


Dam  No.  54.  West  Branch  Fish  Creek: 

4  acres  clearing  and  grubbing,  at  $40 160 

1  bailing  and  draining 3, 080 

500  cubic  yards  surface  stripping,  at  12  cents 60 

28,000  cubic  yards  excavation  of  earth,  at  20  cents 5,600 

5,000  cubic  yards  rubble-masonry  backing,  at  $5 25, 000 

1,500  cubic  yards  faces  masonry,  at  $7 10. 500 

1,700  cubic  yards  granite  spillway  masonry,  at  $15 25.500 

750  cubic  yards  protection -wall  masonry,  at  .$6 4,500 

100  cubic  yards  coping  on  gatehouse  and  protection  walls, 

at.fl5 _  1,500 

1  ,yO<)  cubic  yards  wasteway  paving,  at  $4 7, 200 

4,000  cubic  yards  embankment ,  at  25  cents ^  ...  1 , OOO 

200  cubic  yards  puddle,  at  .SI 200 

300  cubic  yards  broken-stone  lining,  at  $1.50 450 

200  cubic  yards  soiling,  at  50  cents 1(X) 

900  square  yards  slope  paving,  at  70  cents 630 

600  square  yard^*  sodding,  at  20  cents. 120 

400  linear  ft»et  holes  for  dowels,  at  10  cents 40 

10,000  feet  B.  M.  oak  timber,  at  $40  per  M 400 

3,000  pounds  steel  rods  and  bolts,  at  7  centfl 210 

3  4  by  H  feet  sluice  gates,  at  $100  .    300 

3  lifting  apparatus  for  sluice  gates,  at  $50 150 

1  gatehouse  superstructure.. 80<) 


$^7,600 


25,000 


87,600 


93r>  DEEP   WATERWAYS. 

Dam  No.  m: 

2  a(Tes  clearing  and  gruhhing,  at  $40 $80 

1  bailing  and  draining 416 

1 ,700  cubic  yards  surface  stripping,  at  1 2  cents 204 

10,000  cubic  yards  excavation  of  earth ,  at  20  cents 2, 000 

2,600  cubic  yards  core- wall  masonry,  at      •      13,  (KM) 

1 ,500  cubic  yards  puddle,  at  $1                  I ,  "iOO 

800  cubic  yards  brokf^n-stone  lining,  at  $1  ."iO 1 ,  200 

700  cubic  yards  soiling,  at  50  cents 350 

19,000  cubic  yards  embankment,  at  25  cents 4, 750 

2,400  square  yards  slope  paving,  at  70  cents 1 ,  680 

2, 1 00  square  yards  sodding,  at  20  cents 420 

Dam  No.  56: 

3  acres  clearing  and  grubbing,  at  $40  120 

1  bailing  and  draining 776 

4,200  cub  c  yards  surface  stripping,  at  12  cents 504 

2,500  cubic  yards  e.Tcavation  of  earth,  at  CO  cents 500 

1,41)0  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents 1,050 

4,400  cubic  yards  core- wall  masonry,  at  s5  22, 000 

2,500 cubic  yards  puddle,  at  $1 2.500 

2,000  cubic  yards  broken-stone  lining,  at  $1.50 3.000 

1 ,700  cubic  yards  soiling,  at  50  cents  . .   .   850 

30. 000  cubic  yards  eml)ankment.  at  25  cents 7, 500 

6,000  square  yards  slope  paving,  at  70  cents 4. 200 

5,000  square  yards  soddinsr.  at  20  cents 1 ,  000 

Dam  No.  57.  East  Branch  Fish  Creek: 

5  acres  clearing  and  grubbing,  at  $40. . 200 

1  bailing  and  draining 2,520 

7,500  cubic  yards  surface  stripping,  at  12  cents 900 

95.000  cubic  yards  excavation  of  earth,  at  ',0  cents 19, 000 

3,000  cubic  yards  foundation  excavation  of  hardpan,  at  75 

cents    2,2.50 

17,000  cubic  yards  core- wall  and  spillway  masonry,  at  $5. .  85, 000 

5,000  cubit;  yards  protection-wall  masonry,  at  $r> 30. 000 

580  cubic  yards  coping  on  spillway  and  protection  walls. 

at$15.^ " 8,700 

37,(KX)  cubic  yards  wasteway  paving,  at  $4  148, 000 

5,300  cub!c  yards  puddle,  at  $1 5,300 

3,400  cubic  yards  broken-stone  lining,  at  $1.50 5, 100 

2,900  cubic  yards  soiling,  at  50  cents  .. 1, 450 

6N.000  cubic  yards  embankment,  at  25  cents    17, 000 

10,000  square  yards  sloi>e  i)aving,  at  70  cents 7, 000 

8,7^M)  square  yards  sodding,  at  20  cents    1 ,  740 

lO.OiH)  feet  B.  M .  oak  timber,  at  $40  per  M 400 

10,000  feet  B.  M.  pine  timl)er,  at  $30  per  M  .   300 

6(M)  linear  feet  holes  for  dowels,  at  10  cents 60 

5(X)  linear  feet  2  j -inch  steel  shafting,  at  60  cents 300 

4,000  i)Ounds  steel  rods,  bolts,  etc..  at  7  cents 280 

28,000  pounds  steel  I  beams,  at  5  cents 1,400 

25  sets  mechanism  for  spillway  sluices,  at  $100 2,500 

1  turbine  with  gearing  and  shafting,  at  $600 600 


$25,600 


44,000 


340,000 


DEEP   WATERWAYS.  5>37 

Dam  No.  .58: 

5  acres  clearing  and  grabbing,  at  $40 $200 

1  bailing  and  draining 2,300 

9,000  cubic  yards  surface  stripping,  at  1 2  cents 1 .  080 

100,(»00  cubic  yards  excavation  of  earth,  at  20  cents 20, 000 

18,200  cubic  yards  core- wall  masonry,  at  $5 91 ,  000 

7,500  cubic  yards  puddle,  at  $1 7,500 

4,4<X)  cubic  yards  broken-stone  lining,  at  $1 .50 G,  600 

3,800  cubic  yards  soiling,  at  50  cents 1 .  900 

190,000  cubic  yards  embankment,  at  25  cents 47, 500 

13,200  square  yards  slope  paving,  at  70  cents 9, 240 

11 ,400  square  yards  sodding,  at  20  cents 2, 280 

108,000  feet  B.  M.  hemlock  timber,  at  $20  per  M 3.360 

1,(X)0  pounds  steel  spikes,  at  4  cents 40 


Dam  No.  59: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining 610 

700  cubic  yards  surface  stripping,  at  12  cents 84 

1,800  cubic  yards  excavation  of  earth,  at  20  cents 360 

1 ,250  cubic  yards  core- wall  masonry,  at  $") 6, 250 

530  cubic  yards  puddle,  at  $1 530 

360  cubic  yards  broken-stone  lining,  (at$1.50 540 

3(X)  cubic  yards  soiling,  at  50  cents 150 

14,000  cubic  yards  embankment,  at  25  cents 3, 500 

1 ,080  square  yards  8loi)e  paving,  at  70  cents 756 

900  square  yardA  sodding,  at  20  cents 180 

Dam  No.  60: 

2  acres  clearing  and  grubbing,  at  $40 80 

1  bailing  and  draining  . 291 

1,700  cubic  yards  surface  stripping,  at  12  cents 204 

600  cub  c  yards  excavation  of  earth,  at  20  cents 120 

950  cubic  yards  core- wall  masonry,  at  $5 4, 750 

4;^0  cubic  yards  puddle,  at  01 430 

450  cubic  yards  broken-stone  lining,  at  $1 .50 675 

370  cubic  yards  soiling,  at  50  cents 185 

16,400  cubic  yards  embankment,  at  25  cents 4, 100 

1,350  8(iuare  yards  8loi)e  paving,  at  70  cents 945 

1,100  s<iuare  yards  sodding,  at  20  cents 220 


$193,000 


13,000 


12,000 


Dam  No.  61: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining 325 

1 , 250  c ubic  yards  su r f ace  stripping,  at  1 2  cents 1 50 

700  cubic  yards  excavation  of  earth,  at  20  cents 140 

1 ,300  cubic  yards  core- wall  masonry,  at  $5 0, 500 

600  cubic  yards  puddle,  at  $1 600 

650  cubic  yards  broken -stone  lining,  at  $1 .50 075 

550trnbic  yards  soiling,  at  50  cents 275 

26,0()0  cubic  yards  embankment,  at  25  cents 6, 500 

1,950  8<iuare  yards  slope  paving,  at  70  cents 1,365 

1,650  8<iuare  yards  sodding,  at  20  cents 330 

17,200 
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Dam  No.  62: 

1  acre  clearing  and  grubbing-     $40 

1  bailing  and  draining 132 

800  cubic  yards  surface  stripping,  at  1 2  cents 96 

900  cubic  yards  excavation  of  earth ,  at  20  cents 1 80 

725  cubic  yards  core- wall  masonry,  at  $5 3,625 

400  cubic  yards  puddle,  at  §1 400 

310  cubic  yards  broken-stone  lining,  at$1.50 465 

260  cubic  yards  soiling,  at  50  cents 130 

4,500  cubic  yards  eml)ankment,  at  25  cents 1,125 

930  square  yards  slope  paving,  at  70  cents 651 

780  square  yard?  sodding,  at  20  cents 1">6 

Dam  No.  63: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining 263 

700  cubic  yards  surface  stripping,  at  1 2  cents 84 

600  cubic  yards  excavation  of  earth,  at  20  cents 120 

725  cubic  yards  core- wall  masonry .  at  $5 8, 625 

350  cubic  yards  puddle,  at  $1 350 

340  cubic  yards  broken-stone  lining,  at  $1.50 510 

280  cubic  yards  soiling,  at  50  cents  . 140 

lO.OoO  cubic  yards  embankment,  at  25  cents 2,500 

1 ,000  stjuare  yards  slope  paving,  at  70  cents 700 

840  square  yards  sodding,  at  20  cents 168 

Dam  No.  04,  Beaver  Greek: 

1  acre  clearing  and  grubbing 40 

1  bailing  and  draining  . .         1,068 

1,100  cubic  yards  surface  stripping,  at  12  cents 132 

15,<K)0  cubic  yards  excavation  of  earth,  at  20  cents 3, 000 

2,500  cubic  yards  core- wall  masonry,  at  $5  .' 12, 500 

4,300  culic  yards  puddle,  at  $1  . 4,300 

500  cubic  yards  broken-stone  lining,  at  $1.50 750 

4(K)  cubic  yards  soiling,  at  50  cents 200 

20,000  cubic  yards  embankment,  at  25  cents 5,000 

1 ,500  s<iuare  yards  slope  paving,  at  70  cents 1, 050 

1,200  square  yards  sodding,  at  20  cents 240 

31,000  feet  B.  M.  hemlock  timber,  at  $20  per  M 620 

52,000  feet  B.  M.  oak  timber,  at  $40  per  M 2,080 

Dam  No.  ()5: 

1  acre  clearing  and  grubbing 40 

1  trailing  and  draining        . 1,064 

1,300  cubic  yards  surface  stripping,  at  12  cents.   156 

16,0(M)  cubic  yards  excavation  of  earth,  at  20  cents 3, 200 

3.500  cubic  yards  core- wall  masonry,  at  $5 17, 500 

1,650  cubic  yards  pud«lle,  at  $1 1, 650 

530  cubic  yards  broken-stone  lining,  at  $1.50 795 

430  cubic  yards  soiling',  at  50  cents 215 

20,000  cubic  yards  em]>ankment,  at  25  cents 5,000 

1,600  Bcjuare  yards  slop«>  ])aving.  at  70  cents 1, 120 

1,300  8(iuare  yards  sodding,  at  20  cents 260 


$7,000 


8,500 


30,980 


31,000 
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Dam  No.  05 A: 

.*)  jicres  clearing  and  grabbing,  at  $40 $200 

1  bailing  and  draining .    2,004 

1,250  cubic  yards  surface  8trii>ping,  at  12  cents 150 

90,000  cubic  yards  excavation  of  earth,  at  20  cents  .  18, 000 

1,200  cubic  yards  foundation  excavation  of  rock,  at  $1.50..  1, 800 

8,000  cubic  yards  core- wall  and  spillway  masonry,  at  $5. . .  40, 000 

900  cubic  yards  protection- wall  masonry,  at  $0 5, 400 

200  cubic  yards  coping  for  spillway  and  protection  wall, 

at$15 3.000 

5,600  cubic  yards  wasteway  paving,  at  $4 22,400 

2,400  cubic  yards  puddle,  at  $1 2,400 

500  cubic  yards  broken-stone  lining,  at  $1.50 750 

400  cubic  yards  soiling,  at  50  cents •  200 

45,000  cubic  yards  embankment,  at  25  cents 11,250 

1,500  square  yards  slope  paving,  at  70  cents 1,050 

1,200  stiuare  yards  sodding,  at  20  cents 240 

300  linear  feet  holes  for  dowels,  at  10  cents 30 

1,800  pounds  steel  rods,  at  7  cents 120 

$109,000 

Dam  No.  06,  Canada  Creek: 

6  acres  clearing  and  grubbing,  at  $40 240 

1  bailing  and  draining. 5,885 

124,0(X)  cubic  yards  excavation  of  earth,  at  20  cents 24, 800 

2,200  cubic  yards  foundation  excavation  of  rock,  at  $1.50. .  3, 300 

22,000  cubic  yards  core- wall  and  spillway  masonry,  at  $5..  110,000 

3,000  cubic  yards  protection- wall  masonry,  at  $0 21, 000 

250  cubic  yards  spillway  and  protection-wall  coping,  at 

$15 ..   3,750 

9,000  cubic  yards  wasteway  paving,  at  $4 80, 000 

8,000  cubic  yards  puddle,  at$l 8,000 

2,100  cubic  yards  broken-stone  lining,  at  $1.50 3,150 

1 ,500  cubic  yards  soiling,  at  50  cents 750 

120,000  cubic  yards  embankment,  at  25  cents 30, 000 

0,3(H)  fMjuare  yards  slope  pav.ng,  at  70  cents 4,410 

4,500  square  yards  sodding,  at  20  cents 900 

4001inear  feet  holes  for  dowels,  at  10  cents 40 

2,500  potmds  steel  rods,  at  7  cents 175 

253,000 

Total  cost  of  Black  River  feeder 11,008,552 

Enlargement  of  outlet  channels  from  existing  reservoirs  on  Mohawk- 
Sus<iuehanna  Divide ..  10,000 

Amount,  including  Black  and  Salmon  rivers  reservoirs 18, 080, 752 

Engineering  and  contingencies,  about  10  per  cent 1.808,075 

Total  estimated  cost  of  water-supply  system 19, 8v58, 827 

ESTIMATED   COST  OF  ALTERNATIVE  TUNNEL  LINE. 

Plate  9o  sliows  two  methods  of  bringing  water  from  the  proposed 
Black  River  reservoir  to  the  main  sliip  canal.  The  first  is  by  the  open 
feeder,  beginning  at  Carthage  and  constrncted  via  Rutland  lI(dlow, 
Sandy  Creek,  Kasoag,  and  west  branch  of  Fish  Creek,  etc.,  to  the 
mail!  ship  canal  near  Fort  lUiU.     An  objection  to  this  line  is  that  it 
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delivers  the  water  too  near  tlie  west  end  of  summit  level.  As  an 
alternative  proposition,  general  studies  have  been  made  of  a  tunnel 
line  from  Lyon  Falls  through  the  intervening  ridge  into  the  valley 
of  upprr  Mohawk  Kiver  at  the  village  of  Northwestern.  This  tunnel 
would  be  '20. i)  miles  in  length,  and  the  estimates  have  been  prepared 
on  the  basis  of  a  fall  of  1  '23  ft*et  ])et  woon  its  two  ends.  A  profile  of  the 
same,  derived  from  the  data  of  Black  River  Canal,  is  shown  on  pi.  141. 
The  detail  of  the  tunnel  line  has  not  been  worked  up,  but  so  far  as 
surface  indications  go  the  fii*st  f<»w  miles  from  Lyons  Falls  would  lie 
in  the  Laurentian  granite  rocks  of  the  Adirondack  region.  The  work 
would  then  pass  into  the  Trenton  limestone.  The  last  few  miles  of 
the  work — between  sonn»  i)<)int  to  the  south  of  Boonville  and  North- 
western— would  lie  in  the  rocks  of  Hudson  River  and  Utica  forma- 
tions, which  include,  among  others,  the  Oswego  sandstone.  It  is  quite 
possible,  therefore,  that  an  examinatitm  might  show  this  an  econom- 
ical line  to  construct.  Without  going  into  the  detail,  it  may  be  stated 
that  the  assumed  grade  would  re([uire — for  a  section  lined  throughout 
its  whole  length — a  channel  12  feet  wide  and  12  feet  deep;  such  a  sec- 
tion lined  with  smooth  l)ri<*k,  permitting  a  tlow  of,  nmndly,  l,2r)0 cubic 
feet  pers(»cond.  Where  lining  is  iv(iuired  it  is  i>roposed  to  use  brick 
masonry  in  four  courses,  with  an  invert  at  the  bottom  and  with  a 
si^micircular  arch  at  the  top.  With  some  allowance  for  filling  irregu- 
larities in  the  ruck,  the  brick  masonry  of  such  a  section  may  be  esti- 
mated at  4  cubic  yanls  per  running  f<M)t,  the  rock  excavation 
amounting  to  ]2  cubic  yards  per  running  foot. 

In  making  the  following  estimates  sliafts  have  l>een  assumed  1  mile 
apart.  Dimensions  proposed  for  the  shafts  are  10  feet  by  11>  feet, 
which  give,  say,  7  cubic  yards  per  running  foot. 

We  may  write  a  trial  estimate  i)er  linear  foot  of  tunnel,  as  follows: 

12  cubic  yards  of  rcx;k  excavation,  at  an  average  price  of  $Ii. $36 

4  cubic  yards  of  brick  masonry  with  vitrified  brick  facing,  at  an  average  of  $12.  48 
Incidentals 1 

Total $85 

On  the  foregoing  basis  a  complete  estimate  for  20.5  miles  of  tunnel 
with  lining  wouM  stand  as  follows: 

20.0  miles  of  tunnel  e(iuals  10S,240  linear  feet,  at  $85  per  linear  foot  ...  $9, 200, 400 
4,900  linear  feet  of  shafts,  7  cubic  yards  per  linear  foot,  at  $4  per  cubic 

yard 137,200 

1  por<al  at  lower  end  of  tunnel,  including  channel  protection  below 

same 30,000 

Gatehouse  and  rei^nilating  works  at  upper  end  of  tunnel- 150, 000 

Drede^ing  channel  of  Black  River 400,000 

35,000  cubic  yards  of  refilling  shafts,  at  00  cents 7,000 

Special  strengthening  masonry  under  shafts  in  order  to  stand  refilling .  75, 400 


Amount $10,000,000 
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The  forejjjoing  est iiiiatii  may  he  taken  as  a  maximum,  the  prices  used 
beiug  large  (Plough,  it  is  ])eiieve<l,  to  eover  quite  adverse  conditions, 
such  as  rock  diflTieult  to  work  and  considcM'able  quantities  of  water  to 
he  cared  for.  Lining  is  provided  tlirougliout  the  whole  length, 
although  it  is  prol)able  that  lining  will  not  be  required  for  more  than 
one-half  the  entire  h^ngth. 

The  following  estimate  may  be  taken  to  represent  the  possible  mini- 
mum cost  of  this  tunnel. 

In  til  is  second  estimate  it  is  assumed  tluit  one-lialf  of  the  tunne] 
will  not  need  lining.  The  section  for  this  portion  is  taken  equal  to 
243  square  feet,  or  ^>  cubic  yards i)er  linc^ar  foot.  The  minimum  esti- 
mated cost  per  linear  foot  with  lining  is  as  follows: 

12  cubic  yards  of  rock  excavation,  at  $i^ $36 

4  cubic  yards  of  brick  masonry,  at  $10 .        40 

iDcidentals 1 

Total $77 

MINIM ITM    COMPLETE   ESTIMATE. 

54,120  linear  feet  of  tunnel  with  lining,  at  $77 $4, 107, 240 

54,120  linear  feet  of  tunnel  without  lining  9  cubic  yards  of  rock  exca- 
vation, at  $'^  $27  per  linear  foot 1,401,240 

4,?K)0  linear  feet  of  shaft,  7  cubic  yards  per  linear  foot,  at  $3  per  cubic 

yard 102,900 

Portal  at  lower  end  and  channel  protection 25,  (XK) 

Gatehouse  and  regulating  works  at  upper  end 125. 000 

I>redginK  channel  of  B'ack  River 400.000 

Refilling  shafts 7,000 

Special  strengthening  of  masonry  under  sliafts 69. 860 

Amount S0,;i58,240 

Th(»  actual  cost  of  this  tunnel,  if  ever  constructed,  may  Ik*  exj^'cted 
to  fall  somewhere  between  the  two  values  of  *10,(MK),()(K)  and  *<),;j58,- 
240.     For  purposes  of  comparison  we  will  take  it  at  *8,<M)(),(M)0. 

With  the  tunnel  line  adopted,  if  we  assume  Salmon  Kiver  reservoir 
as  still  required,  we  may  consider  the  followinj^:  In  order  to  save  con- 
Btru<*tin^  a  channel  from  Salmon  River  to  Kasoaj^,  it  would  Ih^  prefer- 
able to  cut  tlie  necessary  outlet  (diannel  from  Dam  No.  7H  into  head 
wat<3rs  of  Mad  Kivcr,  which  is  tributary  to  west  branch  of  Fish  Creek 
at  Camden.  This  plan  would  sacrifice  about  1,()(M),()0(),(MM)  cubic  feet 
of  Salmon  Kiver  storage,  it  Ixdngiiupossible  to  draw  from  the  vi^dnity 
of  Dam  No.  7r,  Indow  about  the  tUS  level.  The  approximate  cost  of 
discharge  channel  and  regulating  works  at  Dam  No.  70  would  be 
$loO,n<'0.  There  would  also  ])e  re(iuire<l  a  channel  of  the  nominal 
capacity  of  from  .'JoO  to  400  cubic  feet  jjer  second  from  Dam  No.  54, 
above  Taberg,  to  main  ship  (*anal  near  Fort  Hull. 

We  nmy  now  write  a  comi)let<i  estimate  of  tlie  cost  of  water  supply 
by  the  alternative  tunnel  line,  including  Salmon  and  Black  rivers 
reservoirs,  a  feeder  channel  from  Dam  No.  .54  to  Fort  Bull,  together 
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with  the  enlarsrement  of  the  outlet  channel  from  present  Stat<^  reser- 
voirs on  Mohawk-Susqiiehiinna  divide. 

Tli(»  followinjr  is  the  eomplet<*  estimate: 

Tunnel  complete,  as  per  i)receding  estimate $8, 000, 000 

Black  River  reservoir,  as  estimated 5, 712, 000 

Salmon  River  reservoir,  as  estimated _ 1, 350, 000 

Discharge  channel  and  regulating  works  at  Dam  No.  76 150, 000 

Land  and  water  power  damages  in  upper  Mohawk  valley 30, 000 

Dam  No.  54 $87,  .500 

Dam  No.  55 '., 25,600 

Dam  No.  50 44,400 

Dam  No.  57 340.000 

Dam  No.  58 193,000 

Dam  No.  50 13,000 

Dam  No.  GO.... 12,000 

Dam  No.  61 17,200 

Dam  No.  02 7,000 

Dam  No.  63 8,500 

DamNo.64 31,000 

Dam  No.  65.  31.000 

DamNa  65A 100,000 

DamNo.60 25:3,000 

2,000  acres  of  land,  at  $15.   30,000 

70  acres  clearing  and  gruhbing,  at  $40 2,800 

880  acres  clearing  and  burning,  at  $15 5, 700 

3,470,000  cubic  yards  earth  excavation,  at  20  cents 694, 000 

100,000  cubic  yards  puddle,  at  $1 100,000 

100,000  cubic  yards  of  riprap,  at  $1.10 110.000 

85,000  linear  feet  of  fencing,  at  10  cents 8,500 

25  miles  telephone  line,  at  $330 8,250 

Changes  of  highway 9,(X)0 

Highway  bridges. 62,500 

Railway  bridges 20,000 

Special  liank  protection _ 15,000 

1  dredge 27,000 

2,264,950 

Enlarging  outlet  channel  from  reservoirs  on  Mohawk-Susquehanna 

divide 10,000 

Total... $17,516,950 

Add  for  contingencies  and  engineering,  about  10  per  cent 1,751,050 

Amount $19,268, <X)0 

A  comparison  of  the  estimated  cost  of  th(»  proixxscd  open-channel 
feeder  witli  the  alternative  tnnnel  is  as  follows: 

Estimated  rost  of  oi)en  channel,  with  reservoirs, etc $19, 800, 000 

Estimated  cost  of  tunnel,  with  reservoirs,  etc 19, 268, 000 

Difference $532,000 

It  is  tlie  opinion  of  the  anthor,  takin*^  into  account  the  large  saving 
of  water  which  would  result  from  the  tuniu^l  line,  that,  even  though 
the  cost  on  that  route*  were  to  run  as  high  as  the  maximum  estimate 


DEEP    WATERWAYS.  943 

of  110,000,000,  it  would,  cm  the  whole,  hv  the  [ii-eferable  eonstriietion 
to  make.  The  absolute  safety  of  tlie  t  unuel  may  be  taken  into  account 
in  reaehinjr  this  conclusion. 

Tables  Nos.  135  and  \'M\  j^ive  the  detail  of  water  supply  by  alterna- 
tive tunnel  line.  Injisniueh  as  thest*  two  tables  are  arranged  like 
several  of  the  previous  ones,  they  are  cousidered  self-explanatory. 

Referring  to  "Estimate  of  Summit  T.evel  Water  Supply/'  it  apjx^ars 
that  1 ,()()()  cubic  feet  per  second,  including  feeder  losses,  was  fixed  upon 
for  supply  of  summit  level  of  30-foot  canal  and  1,4(K)  cubic  feet  per 
second  for  supply  of  21-foot  canal.  The  foivgoing  estimates  of  cost 
are  for  summit-level  supply  of  3(>-fo()t  canal. 

For  a  LU-foot  canal  the  approxinmte  cost  of  summit-level  water 
supply,  compute<l  as  in  the  foregoing,  is  placed  at  *1S,(MX),(KX).  This 
figure  has  been  arrived  at  by  rapid  ap[)roximation  from  general  data. 
It  is  possible  that  more  detailed  study  might  change  it  somewhat. 
The  limitation  of  time  to  August  1,  ISiM),  has  not  permitted  of  giving 
this  particular  problem  other  than  casual  attention. 

Mon^over,  the  foregoing  statements  of  cost  have  all  l)een  made  on 
the  supposition  that  whichever  line  Im?  adopted  Salmon  and  lUack 
rivers  reservoirs  will  both  be  requiivd.  Let  us  now  examine  as  to 
whether  Salmon  River  reservoir  could  not  l)e  dispensed  with  in  case 
of  adopting  the  alternative  tunnel  line. 

According  to  Table  No.  131,  then^  would  remain  in  Bhick  River 
reservoir  at  the  end  of  the  water  year  18'Jo  something  like  5.2(5 
inches  on  the  (*atchment  area,  equivalent  to  22,175,0(X),(M)0  cubi(^  feet. 
This  is  on  the  basis  of  1,600  cul>ic  feet  per  second,  supply  by  oi)en 
feeder.  Again,  Tabh»  No.  133A  shows  in  column  (0)  3.75  inches  in 
store  in  Salmon  River  reservoir  at  end  of  the  water  year  1805;  3.75 
inches  ou  Salmon  River  catchment  area  is,  as  j)er  Table  No.  132, 
1,()55,(H)(),(M)()  cubic  feet. 

On  the  l)asis  of  l,2(M)  cubic  feet  per  second  supply  by  alternative 
tunnel  line  the  conditions  are  as  follows:  Table  No.  135  gives  (pian- 
tity  of  water  to  be  furnished  by  the  several  sources  of  supi)ly,  as  there 
shown  in  detail,  and  Tabh»  No.  133,  which  exhibits  state  of  Salmon 
River  reservoir,  shows  5.10  inches  on  the  catchment  area  in  store  at 
end  of  the  water  year  ISOo.  This  latter  tigure  is  cfjuivalcnt  to 
2,3(H),()(H),(M)()  cubic*  feet.  Also  Hla<*k  River  reservoir  would  hold  in 
store  at  eii<l  of  the  water  year  1S1)5,  say,  7.12  inches  on  Hlack  River 
catchment  area,  eciuivalent  to  20,7(H),0(M),0(K)  cubic  feet. 

The  gain  in  IMack  River  reservoir  storage  in  tlie  year  of  lowest 
recorded  run  off  by  adoption  of  tunnel  line  is  therefore  (20, 7iM),(MH),  000— 
:J2,175,()0(),(M)0)=7,525,(K)0,()(M)  cubic  feet.  At  Salmon  Riv<»r  reservoir 
the  saving  is  (2,300, (x^O, 000— 1,(;55,(MM), 0(H))  =045,0(K\(X)0  cubic  feet. 

These  figures  show  at  ouce  that  the  gain  in  storage  in  Black  River 
reservoir,  under  the  assum«»d  conditions,  is  so  large  as  to  rendc^r  Sal- 
mon River  rest^rvoir  probably  unnecessary.     At  any  rate,  it  would 
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only  be  required  in  the  rare  extreme  dry  year  which  may  occur  two 
or  three  times  in  a  century.  If  we  assume  that  it  may  l)e  omitted 
from  immediate  consideration,  the  estimate  is  reduced  not  only  by 
the  cost  of  the  reservoir  itself,  but  by  decreased  cost' of  feeder  from 
Fish  Creek,  which  may  then  be  made  with  ref(»rence  to  the  nominal 
minimum  tlow  of  that  creek  of,  say,  100  cubic  feet  per  second.  On  this 
basis  a  complete  estimate  for  summit-level  water  supj)ly  by  tunnel 
line,  etc.,  would  stand  as  follows: 

Tunnel  complete,  as  per  estimate _ . .  $8, 000, 000 

Black  River  reservoir,  as  per  estimate -    5,712,000 

Land  and  water  power  damages  in  upper  Mohawk  Valley  . .   30, 000 

Fee<ler  complete,  including  dams,  Taberg  to  Fort  Bull 1 ,  750, 000 

Enlarging  outlet  channels  on  Mohawk  Susquehanna  divide 10. 000 

Total  . 15,502,000 

Add  for  contingencies  and  engineering,  about  10  per  cent 1 ,  548, 000 

Amount 17,050,000 

In  regard  to  this  latter  estimate  it  may  to  remarked  that  possibly 
further  study  of  the  matter  might  indicate  a  way  to  reduce  the  final 
amount  to  perhaps  *ir>,000,000.  At  present,  however,  in  view  of  the 
eight-hour  day  and  the  clear  tendency  to  increase  pay  of  common 
labor,  it  does  not  seem  l>est  to  nmke  the  linal  amount  less  than  about 
$17,(KH),000,  as  in  the  foregoing.  In  any  case,  with  Salmon  River 
reservoir  omitteil,  the  figure  of  ^10,000,000  may  be  taken  as  fairly 
applying  to  the  summit-level  sui)ply  for  a  21-foot  canal. 

SOURCE    OF   MATERIALS   AND   COST   OF  SAME. 

The  region  wherein  it  is  proposed  to  construct  tlie  works  here 
reported  upon  will  furnish  all  the  material,  such  as  sand  and  building 
stone,  generally  without  long  hauls.  For  a  considerable  portion  of 
the  proposed  feeder  line  (|uarries  nmy  be  opened  in  the  immediate 
vicinity  at  small  cost. 

In  the  vi(*inity  of  Carthage  and  along  the  feeder  line  between  that 
plac(»  and  East  Watertown  tliere  are  a  number  of  quarries  already 
o[)ened  in  the  Trenton  linn^stoue  which  will  furnish  stone  of  proper 
quality  for  tht»  works  U)  be  built  at  low  cost.  To  the  north  and  east 
of  Carthage  the  granitic  ro(*ks  of  the  Adirondack  region  appear,  and 
without  doubt  stone  for  face  masonry  of  Dams  Nos.  1  and  2  at  Carthage 
may  b<»  obtained  from  their  horizon.  At  site  of  Dam  No.  8,  near 
Adams,  limestone  of  proper  (piality  for  backing  and  core  wall  can  be 
quarried  immediately  at  the  site  of  the  dam. 

To  the  sout h  of  Sandy  Creek  we  enter  a  shale  region  without  build- 
ing stone,  except  on  the  surface.  In  many  places  the  surface  of  the 
ground  is  thickly  studded  with  granite  bowlders  This  is  particularly 
marked  Just  north  of  the  village  of  Pierpont  Manor,  where  there  is 
a  belt  of  granite  bowlders  crossing  the  feeder  line,  and  whicH  is  about 
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one-half  mile  in  width,  the  stone  beinj?  so  plentiful  in  many  places  as 
to  almost  cover  the  surface  of  the  groun<l.  Tlie  general  direction  of 
this  l)elt  and  the  cliaracter  of  the  stone  in  a  region  where  the  natural 
rock  is  shale  leads  to  the  view  that  this  is  a  medial  moraine,  wliich, 
descending  f  i-om  the  higher  country-  to  the  northeast,  brought  with  it  the 
characteristic  rocks  of  the  Adir(mda<»k  hills,  depositing  them  here  as 
it  moved  forward  in  a  southwestern  coui^seJ 

There  are  a  number  of  places  along  the  feeder  line  where  strips 
of  beach  gravel,  which  nmrk  the  former  lake  border,  may  he  seen. 
The  Lutlier  gravel  beds,  immediately  on  the  feeder  line  at  East  Water- 
town,  are  of  this  character,  but  luckily  they  are  not  very  deep,  being 
underlaid  by  Trenton  limestone,  in  whi(*h  rock  tlie  channel  of  the 
feeder,  if  (constructed,  would  lie  entirely  at  this  point. 

At  Chaumont,  a  few  miles  west  of  Watertown,  there  are  fine  lime- 
stone quarries.  At  one  of  these  which  was  visited  there  are  from  two 
to  three  acn*s  of  a  »'{2-inch  course  uncovered,  which  lies  nearly  as  level 
as  a  floor.  Small  stone  are  sold  from  these  quarries  to  the  Solvay 
Process  C(mii)any,  at  Syracuse,  for  JSl  per  ton,  delivered,  freight 
amounting  to  55  cents  per  ton.  These  stone  have  a  specific  gravity 
of  2.7  and  weigh  1^58  pounds  per  cubic  foot,  the  al>sorption  in  twenty- 
four  hours  amounting  to  1  in  :^,0(K). 

The  loss  in  freezing  and  thawing  five  successive  times  was  I  in 
7,530.  The  crushing  strength  i)er  square  inch  is  23,041  pounds.  The 
t^sts  at  ([uarry  show  weight  of  broken  stone,  when  broken  to  pass 
through  2-iT)ch  ring,  at  2,457  pounds  per  cubic  yard,  and  when  broken 
to  pass  through  1-inch  ring,  2,484  pounds  per  cubic  yard.  The  fore- 
going statistics  as  to  stone  at  Chaumont  are  based  on  statements 
made  by  i)arties  at  the  (quarries. 

Immediately  un<ler  the  32-inch  course  there  is  a  10-inch  course. 
The  other  courees  range  from  4  to  10  inches. 

The  following  pri<*es  were  furnished  for  stone  at  (luarry: 

Broken  stone  to  pass  3-inch  ring  _ per  ton . .  §0. 40 

Face  stone,  uncut    per  cubic  yard.  _  1 .  50 

Backing  of  thick  courses do  ...  1 .  00 

Backing  of  thin  courses .,   do..   .  .75 

Face  stone  cut  to  A-inch  joints,  10  inches  back do ft.  00 

Dimension  stone,  i-inch  joint.  8-cut  work. .do 10.00 

Frieght  to  points  on  the  Rome,  Watertown  and  Ogdensburg  Hail- 
way  may  be  expected  to  average  about  *1  per  cubic  yard. 

The  large  dam  on  Salmon  Kivcu-  (No.  73)  will  be  located  on  the 
Oswego  sandstont*,  and  mateiial  for  backing,  core  walls,  etc.,  may  be 

'  For  an  extended  discussion  of  physical  features  of  Jefferson  County,  and  cov- 
ering many  points  of  interest  in  the  surface  geology  of  the  proposed  feeder  line, 
see  a  chapter  on  "  Evidence  of  glacial  action  and  pliysical  features  of  Jefferson 
County,"  contributed  by  Frank  A.  Hinds,  C.  E.,to  a  History  of  Jefferson  County, 
edited  by  Edgar  C  Emerson,  and  published  in  1898. 

H.  Doc.  U\) {\0 
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obtained  from  quarries  in  the  immediate  vicinity.  The  face  stone 
will  ])e  brought  from  abroad.  Material  for  core  walls  of  dams  Xos. 
74,  75,  and  70  can  be  ol)tained  fwnn  quarries  about  2  to  2^  miles  dis- 
tant.    Building  san<l  of  proper  quality  occui*s  in  the  vicinity. 

At  White  Lake,  a  station  on  the  Adii-ondack  and  St.  Lawrence 
division  of  the  New  York  Central  and  Hudson  River  Railroad,  there 
is  a  line  granite  quarry,  fmm  which  coping  and  dimension  stone  may 
be  conveniently  o])tained.  The  granite  occurs  here  in  a  ledge  50  feet 
in  height,  from  which  it  is  (quarried  without  stripping. 

Portland  cements  an*  nmnufactured  in  New  York  Statt^at  \Vayland, 
Syracuse,  and  (tIcus  Falls,  present  prices  ruling  from  ««1.50  to  *1.75 
per  barrel  at  the  works.  Taking  into  account,  therefoi*e,  all  the  con- 
ditions, there  is  no  reason  for  doubting  that  the  pi-oposed  works  can 
be  cheaply"  and  efficiently  constructed. 

As  regards  quality  of  masoniy  for  dams,  the  general  chara(*ter  of 
the  work  estinuited  upon  may  bi»  determined  by  leference  to  a  descrip- 
tion of  the  Imlian  River  dam  appearing  in  Kngineering  News  of  May 
18,  ISHli.  This  dam  was  substantially  built  of  granite  rubble  work  in 
181)8;  the  cement,  ironwork,  <*ontractoi-s'  supplies,  etc.,  being  trans- 
ported by  wagon  over  a  mountain  road  for  '20  miles,  in  the  course  of 
which  there  was  a  summit  1,2(H)  feet  high.  Face  stone,  backing, 
slope  paving,  riprap,  broken  stone  for  concivte  and  lining  wei*e  all 
obtainiKl  immediately  at  the  dam  site.  The  average  cost  per  cubic 
yard  of  masonry,  laid  during  the  months  of  Julj'  and  August,  181)8, 
when  the  work  was  well  under  way  and  the  conditions  favorable,  was 
as  follows: 

Quarrying  face  stone,  average  for  month's  work $0, 35 

Labor  of  laying  masonry 53 

Labor  of  pointing 15 

Mixing  mortar  and  concrete  and  crushing  stone 20 

Costofcement 2.00 

Cost  of  sand 15 

General  expenses,  superintendence,  etc 27 

Total _ 3.65 

Generally,  for  the  dams  included  in  the  present  work,  the  material 
will  not  Ih^  as  convenient  to  the  site  as  at  Indian  Lake,  but  taking 
into  account  that  Portland  cement  on  the  work  at  Indian  Lake  cost 
about  83.40  pt»r  barrel,  it  is  Ixdieved  that  a  considerable  portion  of 
the  masonr}'  for  the  proposed  reservoii-s  and  <lams  of  the  present  proj- 
ect can  be  constructed  for  a])Out  the  figure  determined  by  experience 
at  Indian  Lake. 

PRICES   USED    IN    ESTIMATES. 

Th<?  following  are  the  prices  use<l  in  estimates: 

Bailing  and  draining  ( a  gross  price  determined  as  a  matter  of  judgment  to  fit 
each  particular  case). 

This  item  hjis  Ihvu  usod  throughout  the  estinuites  as  a  partial  con- 
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tingenc}^  item  for  balancing  up  the  estimate  for  each  structure  to 
even  doUai's,  or  even  hundreds  of  doUai*s,  as  the  case  may  be. 

Gleariog  and  grubbing  on  railway,  per  acre $30 

Clearing  and  grabbing  on  feeder  line,  per  acre 40 

A  distinction  has  been  made  between  price  of  clearing  and  grub- 
bing on  changes  of  railway  and  cleariug  and  grubbing  on  feeder  line 
because  on  the  feeder  line  the  grubbed  stumps  should  l>e  hauled  well 
outside  the  limits  of  the  work  and  left  under  the  spoil  banks. 
Trenton   limestone   and  sandstone,  rock  excavation  in    feeder 

cuts     .  per  cubic  yard . .  gO.  05 

Trenton  limestone,  sandstone,  and  granite  rock  excavation  in 

railway  cuts do .80 

Shale  rock  excavation  in  feeder  cuts    do .55 

Rock  channeling  in  Trenton  limestone i)er  square  foot. .  .  10 

Glacial  drift  hardpan    per  cubic  j'ard..  .35 

Surface  stripping  under  embankments,  etc. do .12 

Ordinary  earth  excavation,  including  topsoil,  earth,  muck,  sand, 

gravel,  clay,  bowlders,  and  fragmentary  rock  displaced  from 

its  orijjinal  bed,  not  exceeding  1  cubic  yard  content,  and  of 

other  material  overlying  hardpan  or  bed  rock,  per  cubic  yard..  .20 

Excavation  of  earth  in  railway  cuts .25 

Rock  excavation  in  tunnel - per  cubic  yard. .  8. 00 

Rock  excavation  in  tunnel  shafts .  do  ...  4. 00 

Foundation  excavation  of  limestone,  sandstone,  or  granite,  per 

cubic  yard 1.50 

Foundation  excavation  of  shale  rock per  cubic  yard. .  1. 00 

Foundation  excavation  of  hardpan  in  core- wall  trenches. etc.,  per 

cubic  yard .75 

Refilling  of  shafts per  cubic  yard..  .20 

Brick  masonry  in  tunnel  lining do 12.00  to  16.00 

Brick  masonry  backing  in  tunnel do 10.00 

Rubble  masonry  in  core  walls,  interior  of  dams,  etc do 4. 00  to  5. 00 

Concrete do 5.00 

Granite  spillway  coping  on  large  dams do 25. 00 

Granite  spillway  facing  and  coping  on  small  dams do 15. 00 

Coursed  rubble  face  masonry  in  dams do  . ..  7. 00 

Paving  on  slopes  of  earth  embankments,  etc . .  .per  square  yard  ..  .70 

Rough  riprap      i>er  cubic  yard..  1.00  to  1.10 

Broken  stone  lining do 1. 00  to  1. 50 

Protection- wall  masonry do 5. 00 

Coping  for  dams  and  protection- wall  masonry do 15. 00 

Spillway  masonry     do S.OOtoO.OO 

Gatehouse  masonry do 6, 00 

Discharge-culvert  masonry do 6.00 

Waste-way  paving do 4.00 

This  item  includes  a  paving  of  large  bowlders  with  the  interspaces  filled  with 
concrete. 

Pine  timber  in  work per  M..  $30.00 

Hemlock  timber  in  work do 20.00 

Oak  timber  in  work do    ..  40. 00  to  50. 00 

Piling per  linear  foot-.  .20 

Fencing,  of  stone  wall do .25 
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Fencing,  of  post,  wire  and  top  rail per  linear  foot. .  $0. 10 

Soiling  on  back  slope  of  embankments per  cubic  yard . .  .50 

Embankments  of  earth,  including  dams,  dikes,  etc do  —  .25 

Roadway  embankments  across  reservoirs do  —  .12 

This  item  includes  the  making  of  embankments  for  new  roadways  across  Black 
and  Salmon  rivers  reservoirs,  where  the  material  will  be  taken  up  with  scrapers 
at  the  sides,  the  embankments  to  be  protected  by  nprap. 

Sodding  on  back  slope  of  embankments . .  per  square  yard. .  $0. 20 

Generally  the  sod  will  be  cut  from  meadows  within  the  area  taken  for  the  reser- 
voirs, feeder  line,  etc. 

Puddle  in  place  in  work,  including  the  furnishing  of  clay, 

sand,  and  gravel  .  - per  cubic  yard. .  $1.00 

Clearing  and  burning  timber  on  reservoir  sites  on  right  of 

way ....per  atTe..  15.00 

Steel  rods  and  bolts  in  work per  pound..  .07 

Drilling  holes  for  dowels per  linear  foot . .  .10 

Gas-pipe  railing . - do —  LOO 

Operating  mechanism  for  spillway  sluices per  set . .  100. 00 

Small  turbine  water  wheel,  with  shafting  and  gearing.   . . .  600. 00 
Two-and-one-fourth-inch  steel  shaft   and  gate  rods,  per 

linear  foot - .60 

Gas  iron  pipe  laid. per  pound..  .02 

Steel  I-beams.  do .05 

Riveted  steel  pipe do  . . .  .07 

Gatehouse  superstructures 800.00  to  1.000.00 

Railway  ballast .per  cubic  yard. .  .  40 

Railway  ties each..  .50 

Steel  rails ...per  ton..  35.00 

Angle  bars perpound..  .0225 

Bolts  and  spikes do .025 

Track  laying per  mile..  400.00 

Telephone  line do..  330.00 

Telegraph  line do..  300.00 

The  following  prices  of  stop  valves  and  sluice  gates  are  based  on 
net  quotations  furnished  by  the  Eddy  Valve  Company,  such  addi- 
tions l>eing  made  to  the  net  price  as  are  necessary  to  cover  cost  of 
freight  and  setting: 

Six-inch  double-disk  valve  gate $10.00 

Twelve-inch  double-disk  valve  gate 30. 00 

Thirty-six-inch  double-disk  valve  gate 350. 00 

Sixty-inch  double-disk  valve  gate 1, 200. 00 

Seventy-two-inch  double-disk  valve  gate 1,500.00 

Thirty- six-inch  sluicegates 250.00 

Sixty-inch  sluice  gates 400. 00 

Seventy-two-inch  sluicegates.. 700.00 

Gate  stands  are  estimated  from  $10  to  $25  each,  according  to  size  and  finish,  and 
gearings  at  $10. 


DEEP    WATERWAY8.  949 


ESTIMATED   COST  OP   LABOR. 

The  estimates  have  further  been  prepared  on  tlie  basis  of  eight 
lioiirs  work  per  day  for  tlie  different  classes  of  labor,  jus  follows: 

Foremen $3.00to$4.00 

HoiBling  engineers 2. 00  to    2. 25 

Firemen 1.75 

Coal  heavers  - 1.25 

Machinists  .. 2. 25  to   2.50 

Pipe  titters  _ 1 .  75 

Blakpmiths 2.00to   2.50 

Blacksmiths'  helpers 1.50 

Carpenters .* 2.00tb   2.50 

Bricklaj-era 3.00to    4.50 

Stonemasons 3. 00  to   3.50 

Masons*  helpers 1.50 

Stonecutters 2. 00  to   3.00 

Qnarry  men 1.50 

Drillmen..  2.00 

Drillmen  8  helpers 1.50 

Hammermen 1.50 

Riggers,  tagmen,  hrakemen,  etc 1.50 

Teams  with  driver 3.00to   8.50 

Drivers 1.25 

Watchmen 1.50 

Timekeepers 1.75 

Bookkeepers 2.50to    8.50 

Intelligent  labor 1.50 

Common  labor,  white 1. 20  to    1. 30 

Common  labor,  colored 1 .  00  to    1. 30 

Common  labor,  Italian 90  to    1 .  10 

Powder  men 1.50to    1.75 

Bell  and  hoist  topmen -  1. 75 

Heading  foremen 2.50 

Water  boys .75 

It  is  believed  that  under  existing  conditions  in  the  State  of  New 

York  lal)or  can  be  obtained  for  the  foregoing  prices,  and  probably  in 
many  cases  for  somewhat  less. 
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ACKNOWLEDGMENTS. 

The  following  pei-sons  liave  been  employed  at  different  times  on 
the  engineering  work  under  the  author's  <*Jiarge,  including  and  above 
the  rank  of  stadiaman: 


Namo. 


Rank. 


Date  of  om- 
ploymi'Ut. 


J.  Y.  Mc-riintoc'k Principal  assistant  enjrfneer Anj^.    s.l>fts 

Wm.  B.  Landreth do (Xt.  19.  IMW 

Walla<-eOreoualch • do Nov.  li..l>5»s 

H.  F.  Northrup ...  do Sept.rfti,  1>H« 

Willard  D.  Lockwood do SiM>t.   I.IMW 

A.  M.  Evans I  Draftsman Oct.   :il.l«H 

Henry  D.  Alexander ' do Aug.  iw.l>«8 


J.  T.  ParMons 
Frank  W.  Bristow 
Cbas.  E.  i4ordon. . . 

F.H.  Crafts 

W.A.Miller 

G.C.Mills 

Wm.  Crennel,  jr .. 
C.  H.  Semper 


C«rl  L.  Bannister  i do. 

Robert  E.  Horton 
Ralston  Williams 
A.  F.Alexander.. 
GeorKtj  E.  Cook 


do Oct.    UMMi-H 

do I  Nov.  21.  L«!  8 

Instramentman |  Aug.  a),lM«S 

do Aug.22.18ti?* 

do (.>ct.   i:iist« 

do Sept.  l.isiw 

do Aug.22.1h98 

do Oct.   ST.lSJui 

Sept.  2,1«»S 
Aug.  :iii,  IJSW 


Computer 

Clork I  Aug.  11.18H8 

Stenographer I  Nov.    l.lJ*98 

.  Computer Si^pt.  2,1MW 

Wm.  L.  McDonough Superintendent  of  Ixjrings Nov.  l.^l^l*8 

H.  Fay  Allen Recorder <X't.  Sl.l.^W 

B.E.  Failing do i         Do. 

J.DanaLuther I do Aug.iJ,l>'n8 

Charles  F.  Brenn i  Rodman i  Oct.  -'l.l^flS 

Harry  C.  Brown do Oct.  SiM-'^JW 

Charfps  A.Hnnt I  .  .  do I  Aug.ii,lf«*8 

F.  McCarthy Stadiauiau '         Do. 

Gail  B.Porter '....  do \  Aug.24.lsn3 

J. E. Thomas do Au^'.-l.  1S!»S 

E.  V. AUendorph ...    do Aug.  2^.M>1« 

H.T.Rico ; do I  Auij.2.'),l-H» 

Charles Kiehm 1....  do ;  Aug. -'T.l'^W 

Joseph  W.Howe do i  Sept.  lMSV»8 

G.A.Smith I do !  Sept.tM.lJW 

RoViert  L.  Burns 1 do i  Nov.   l.lsW 

H.E.  Tiffany |....  do :  Oct.  21.1S98 

Arthur  L.Saunders do I         Do. 

Louis  Meyer do Oct.   I7,lf<98 

A.W.Gillis do Nov.21.1W*S 

Where  there  are  so  many  it  is  i)erhaps  invidious  to  si)eeially  mention 
any.  The  author,  therefore,  merely  makes  tlie  general  aeknowledg- 
nient  that  liis  assistants  have,  generally  si)eaking,  all  performed  the 
parts  assign(»d  to  them  satisfaetorilj'.  So  far  as  i)0ssible  to  do  so, 
every  man  (employed  was  selected  with  reference  to  special  fitm^ss  for 
th(»  work  he  was  called  upon  to  perform.  The  author  wishes  to  thank 
the  Hoard  for  i)erfect  freedom  in  selection  of  assistants,  inasmuch  as 
under  this  system  jn-evicuis  i^ei-sonal  accjuaintance  with  nearly  all  the 
men  enq^loyed  enabled  tin*  author  to  reach  a  maximum  efficiency  in 
the  conduct  of  the  work  in  the  minimum  time. 

The  author  has  construed  his  function  to  be  mostly  that  of  a  col- 
lector of  facts,  and  has,  tlu^vfore,  so  far  as  possible,  avoided  express- 
ing opinions,  except  as  necessary  for  i^roper  interpretation. 

Hoping  the  facets  and  statements  lierein  presented  may  be  of  use  to 
your  Hoard  in  reaching  final  conclusions, 
I  am,  gentlemen,  very  n^spectfully, 

Geo.  W.  Rafter. 

The  Board  of  En(jineers  on  Deep  Waterways. 
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Appendix  No.  17. 
lake  channels,  lake  ebie  to  lakes  hubon,  michigan, 

AND  SUPEBIOB. 

Detroit,  Mu'h.,  A])ril  12,  1900. 

Gentlemen:  I  have  the  honor  to  submit  a  report  of  an  estimate 
for  a  21  and  a  ^50  foot  ehaniiel  from  deep  water  in  Lake  Erie  to  deep 
water  in  Lake  Huron,  tlirougli  the  Detroit  River,  Lake  St.  Clair,  and 
St.  Chiir  Kiver;  and  from  deep  water  in  St.  Marys  River,  off  Lime 
Island,  to  deei)  water  in  Lake  Superior,  for  a  standard  h)w-water  sur- 
face, and  a  standard  low-watiM*  surface  with  Lake  En(»  regulated. 

The  estimates  an»  based  on  the  results  of  soundings  taken  in  1850, 
1867  to  1871,  1S7:J  to  1S71),  and  189o  by  the  United  States  Lake  Sur- 
vey, and  additional  soundings,  borings,  eliaraeter  of  river  lieds,  etc., 
that  had  been  taken  at  different  times  in  the  regular  channel  improve- 
ments by  the  United  States  engineers.  Original  tracings  were  ob- 
taine<l  from  Lieut.  Col.  (4.  J.  Lydecker,  Corps  of  P^ngineers,  U.  S.  Army, 
and  blue-print  coi)ies  made.  The  proposed  channel  lines  were  laid 
out  on  the  i)rints,  and  on  charts  where  originals  were  not  obtainable. 

All  elevations  in  this  report  arc*  given  in  feet  and  decimals  above 
mean  tide  at  New  York,  and  depend  upon  the  adopted  elevation  of 
the  bench  nmrk,  to  which  they  are  referred. 

authorities. 

Lake  Erie  at  wonih  of  ihe  Deiroif  River. — Soundings  taken  from 
1874-1871)  by  the  United  States  Lake  Survey  as  shown  on  Coast  Chart 
No.  7,  of  Lake  Erie. 

Detroit  River. — Detail  soundings  and  borings  taken  in  1807-08  and 
1800  by  the  United  States  engineers,  also  soundings  taken  in  1873  by 
the  United  States  Lake  Surv(»y  as  shown  on  original  tracings. 

Lake  St.  CIdir. — Soundings  taken  from  isfu  to  1871  by  the  United 
States  Lake  Survey  as  shown  on  chart  of  Lake  St.  C'lair  and  addi- 
tional soundings  off  Grosse  Pointe  by  the  United  States  engineers. 

St.  Clair  River. — Soundings  taken  in  1807  by  the  United  States 
Lake  Survey  as  shown  on  original  tracings  and  additional  informa- 
tion by  the  United  States  engineers. 

Lithe  Huron  at  head  of  Ht.  Clair  River. — Soundings  taken  in  1859 
by  the  United  States  Lake  Survey,  as  shown  on  original  tracings, 
chart  of  south  end  of  Lake  Huron,  and  additional  information  by  the 
United  States  engineers. 

aS7.  Mari/.s  River. — Soundings  taken  in  1805  by  the  L^nited  States 
Lak(*  Survey  as  shown  on  original  tracings,  and  additional  soundings 
and  borings  by  the  United  States  engineers. 


952 


DEEP    WATLRWAYS. 


WATER  SURFACE   ELEVATIONS. 

Lake  Erie  to  Ijxke  Huron. — The  elevations  for  a  standard  low- 
water  surface,  and  a  water  surface  with  Lake  Erie  regulated,  having 
been  determined  for  Lake  Erie,  Lake  St.  Clair,  and  Lake  Huron,  the 
fall  at  different  points  in  the  rivens  was  reduced  from  gauge  readings 
taken  June  26  to  July  1,  1800.  The  elevations  of  gauges  were  deter- 
mined by  a  line  of  precise  levels  from  V,  S.  B.  M.  (Tibraltar,  1877, 
elevation  582.45  above  mean  tide  at  New  York.  The  elevations  at 
different  points  are  given  in  the  following  table: 


station,  a 


2rtT+(K»  .. 

aw-i-oi).... 

3K2+C «)-... 
51H-!-(H)... 

14(Ci+(H)  .. 
17?*l-«-(0  .. 
2:j52+(li».... 
S434  +  15  ... 
3312+15... 
3732+15... 
421U+W....I 
4aW)+«5  ...I 


OuQK^v 


No.  1. Fort  Gratiot  Light-house  (Lake  Huron). 

G.T.R 

Kendall 

Dry  dock 

No.5.  Marvsville 

No. «. St. (lair  

No.  7,  Marine  City 

No  H.  Aliic»*na<* 

No.  U.  upper  end  of  United  States  canal 

Lower  end  of  United  States  (»nal 

No.  1 1.  Windmil  I  Point  LiRht-house 

No.  12.  Detroit.  iHi  street 

No  U.Wyandotte 

No.  15.  Gibraltar 

Lake  Erie 


Wat<»r-8urface  elevations. 


June  2I(  to  I  Standard 
July  1, 18!»»,  low  water. 


58().41 
m).  10 
57».&5 
57W  17 
578.  W 
577. 90 
57«.HH 
576. 27 
575.  «ft 
575. 5J> 
575. 12 
574. 5:^ 
57;J.»7 
572.05 


57».(JI) 
.578.  tW 
578. 15 
577.79 
577.32 
576.58 
675.72 
575.  Ort 
574.52 
574.38 
574.  (Jl» 
57:i4« 
573.  (e 
571.77 
5n.3l) 


With  I^ko 

Erie  i-eg- 

ulateoT 


5H0.00 
579.71 
579.21 
578.92 
678.54 
577.95 
577. 3U 
67«.83 
57H.68 
57(i.48 
576. 10 
575.90 
575. 78 
574.82 
574.50 


a  Stationing  is  the  same  as  shown  on  maps. 


SL  Mart/s  Hirer. — The  elevations  for  a  standard  low-water  surface 
and  a  water  surfaee  with  Lake  Erie  regulated  having  l>een  determined 
for  the  lower  end  of  river,  at  the  locks,  and  at  Lake  Sui)erior,  the  fall 
at  different  points  was  deduced  from  elevations  established  by  the 
United  States  (engineers  from  IT.  S.  B.  M.  No.  1,  at  Marquette,  eleva- 
tion ()()0.!i3  above  mean  tide  at  New  York.  The  elevations  are  given 
in  the  following  table: 


Station. 


Gauge. 


Water-surface  eleva- 
tions. 


Standard 
I  low  water. 


With  I.Ake 

Erie  reg- 

ulateoT 


Zero  Head  of  St.  Marys  River  (Lake  Superior) 

255+Oi)..-.  Point  Aux  Pins  LiRht-house 

firBJ+97....  Head  of  lock  

«lH-37....  Footoflock 

«8U+W»....  Sault  Sto.  Marie 

740+fiO  ...  Mission  Point 

88«f(iiK...  Frechette  Point 

990+W)....  Six-Mile  Point 

1566 +-(11....  West  Neebish  Rapids,  upper  end 

1604 +(10....  West  NeeUsh  Rapids,  lower  end 


0(N).O9 
«*).*& 

am.n 

581.27 
581.(6 
58().52 
580.12 
579.92 
579.87 
579.00 


eno.flo 

000.45 
600.11 
682.27 
582.  OBB 
581.52 
58L12 
680.98 
680.87 
580.00 
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Width  and  depth  iff  channels. 


Lake  Erie  to  Lake  Huron: 

From  deep  water  in  Lake  Erie  to  Bar  Point,  Detroit  River.. 

From  Bar  Point,  Detroit  River,  to  head  of  St.  c:lair  River... 

From  head  of  8t.  Clair  River  to  deep  water  in  Lake  Huron  . 
8t.  Marys  River: 

Below  the  locks 

Above  the  lock8 

Approcu.*he8  to  the  locks 


21-foot 
channel. 


Feat. 
23  by  800 
21  by  fiOO 
23  by  800 

21  by  600 
21  by  600 

(a) 


30.foot 
channel. 

Feet. 
32byl,0U0 
30  by  flOO 
33  by  1.000 

;«)  by  600 
30  by  600 

(a) 


a  Shown  on  mapM. 

The  side  Hloi)es  as  estimated  are  vertical  in  rock,  and  in  all  other 
material  1  on  2.     Alignment  of  channels  is  given,  page  89. 

LOCKS   AT   SAULT   STE.    MARIE. 

The  Pee  lock  on  the  American  side  and  the  Canadian  lock  are  both 
availabh^  for  a  standard  low-water  21 -foot  channel.  An  estimate  has 
been  made  of  the  cost  of  (*onstrnction  of  a  lock  for  the  30-foot  chan- 
nel to  be  built  on  the  site  of  the  present  Weitzel  lock.  The  dimen- 
sions of  this  lock  are  80  by  740  feet,  with  a  lift  of  18.8  feet  for  a 
standard  low-water  channel,  and  17.H  feet  for  a  standaifl  low- water 
channel  witli  Lake  Erie  regulated. 

Estimation  for  a  il-fimt  chaumd,  standard,  lotv  uHxter, 
LAKE  ERIE  TO  LAKE  HURON. 

Lake  Erie  at  mouth  of  the  Detroit  River: 

Sand  and  clay.  5%,83:i  cubic  yards,  at  $<).0i) $58, 670 

Detroit  River: 

Sand  and  clay,  023,179  cubic  yards,  at  $0.09 as,086 

Sand,  clay,  bowlders,  and  gi-avel,  .3.")9,7"2;i  cubic  yards,  at  $0.40 143,889 

Rock  (limestone),  474.304  cubic  yards,  at  $2.50 1,185,760 

Lake  St.  Clair: 

Sand,  clay,  and  itfravel,  5,513,H21  cubic  yards,  at  $0.L5 827,073 

St.  Clair  River: 

Sand,  clay,  and  gravel,  614,234  cubic  yards,  at  $0.09 55, 281 

Foot  of  Lake  Hurvin: 

Sand,  clay,  and  gravel,  1,198.293  cubic  yards,  at  $0.30. 359,488 


Total  for  waterway  from  Lake  Erie  to  Lake  Huron 2, 708, 247 


LAKE  HURON  TO  LAKE  SUPERIOR. 

St.  Marys  River  via  West  Neebish,  below  the  lock: 

Sand,  clay,  gravel,  mud,  and  soft  clay,  13,539,481  cubic  yards,  at 

$0.08 - $1,083,158 

Sand,  clay,  gravel,  and  bowlders,  4,535,454  cubic  yards,  at  $0.40.. .     1, 814, 182 
Rock  (limestone),  dry.  2,444,444  cubic  yards,  at  $1.10 2,688,888 


Total  for  waterway  from  Lake  Huron  to  Lake  Superior 5, 586, 228 

Waterway  from  Lake  Erie  to  Lake  Huron.  2,708,247 


Total  for  waterway  from  Lake  Erie  to  Lake  Superior 8, 294, 475 

Waterway  from  Lake  Erie  to  Lake  Michigan,  same  as  from  Lake  Erie 
to  Lake  Huron 2,708,247 
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Standartl  low  irator  with  Ijtkr  Erie  nyvlafed, 

LAKE  ERIE  TO  LAKE  HITROX. 
Detroit  River: 

Sand,  clay,  bowlders,  and  gravel,  158,997  cubic  yards,  at  §0.40 $63, 599 

Rock  (limestone ) ,  2(m.4S2  cubic  yards,  at  $3.50 006, 205 

Lake  St.  C'air: 

Sand,  clay,  and  gravel,  2,1 13,445  cubic  yards,  at  $0. 15 317. 017 

St.  Clair  River: 

Sand,  clay,  and  gravel,  414,924  cubic  yards,  at  $0.09 37. 343 

Foot  of  Lake  Huron: 

Sand,  clay,  and  gravel ,  H29.S74  cubic  yards,  at  $0.30 248. 962 

Total  for  waterway  from  Lake  Erie  to  Lake  Huron 1 ,  333, 126 

LAKE  HURON  TO  LAKE  SUPERIOR. 

St.  Marys  River  via  West  Neebish,  below  the  lock: 

Sand,  clay,  gravel,  mud,  and  soft  clay,  12,378,555  cubic  yards,  at 

$0.01^ . * $990,284 

Sand,  clay,  gravel,  and  bowlders.  3,811.009  cubic  yards,  at  $0.40..,     1, 524. 404 
Rock  (limestone),  dry,  2,255,555  cubic  yards,  at  $1.10     ..   2,481.  Ill 

Total  for  waterway  from  Lake  Huron  to  Lake  Superior 4, 995, 799 

Waterway  from  Lake  Erie  to  Lake  Huron 1,  :*^3, 126 

Total  for  waterway  from  Lake  Erie  to  Lake  Superior 6. 328. 9i5 

Waterway  from  Lake  Erie  to  Lake  Michigan,  same  as  from  Lake  Erie 
to  Lake  Huron    .. 1.333,126 

Est i mates  for  a  ,iff-f(H>t  channeL  standard  lotc  irater, 
LAKE  ERIE  TO  HURON. 

Lake  Erie  at  mouth  of  the  Detroit  River: 

Sand  and  clay,  7,242,244  cubic  yards,  at  $0.09. $651,803 

Detroit  River: 

Sand  and  clay,  7.181,367  cubic  yards,  at  $0.09 646,323 

Sand,  clay,  bowlders,  and  gravel,  2,416,714  cubic  yards,  at  $0.40...         966, 686 

Roik  (limestone),  4,869,304  cubic  yards,  at  $2.50 12,173.2(J0 

Lake  St.  Clair: 

Sand.  (lay.  and  gravel.  23.S44,527  cubic  yards,  at  $0.15 3,576,679 

St.  Clair  River: 

Sand,  clay,  and  gravel,  7,577,139  cubic  yards,  at  $0.09 681,943 

Foot  of  Lake  Huron: 

Sand,  clay,  and  gravel,  .s,247, 118  cubic  yards,  at  $0.30 2,474,135 

Total  for  waterway  from  Lake  Erie  to  Lake  Huron 21, 170,828 

LAKE  HURON  TO  LAKE  SUPERIOR. 

St.  Marys  River  via  West  Neebish,  below  the  lock: 

Sand,  clay,  gravel,  mud,  and  soft  clay,  28,972,701  cubic  yards,  at 

$0.08 $2,317,816 

Sand,  clay,  gravel,  and  bowlders,  1 1,747,788  cubic  yards,  at  $0.40..    4, 699, 115 
Rock  (limestone),  dry,  4.427,778  cubic  yards,  at  $1.10 4,870.566 


DEEP    WATERWAYS.  955 

Above  the  lock: 

Sand,  clay,  and  bowlders,  1,063,204  cnbic  yards,  at  $0.40 $425, 282 

Rock  (sandstone) ,  477.778  cnbic  yards,  at  S2 955, 556 

Total  for  St.  Marys  River 13,268,325 

LO('K  AND  APPROACHES  AT  8AULT  8TE.  MARIE.  MICH. 
Lock: 

Excavation  in  the  dry — 

Clay  and  small  sandstone  filling,  88,782  cnbic  yards,  at  $0.50. .  $44, 391 

Rock  (sandstone),  183,050  cnbic  yards,  at  $1.50 274, 575 

Constrnction  of  lock 945, 905 

Operating  machinery 100, 000 

Total     1,364,871 

Approaches: 

Excavation  under  water- 
Clay  and  small  sandstone  filling,  174,(i45  cnbic  yards,  at  $0.15. .  26. 197 
Rock  ( sandstone ) ,  301 ,  197  cubic  \  ards,  at  $2 . .     602. 394 

Excavation  in  the  dry— 

Clay  and  small  sandstone  filling,  379,199  cubic  yards,  at  $0.50. .  189, 600 

Rock  (sandstone ) ,  474 ,205  cubic  yards,  at  $1.50 71 1, 308 

Total -- 1,529,499 

Timber  crib-;- 

Pine,  4,323  M.  at  $30 129,690 

Hemlock,  7.738  M,  at  $23. 177,974 

Oak.  209  M.  at  $50 10,450 

Iron  drift  bolts,  810.390  pounds,  at  $0.03 24,312 

Stone  filling.  125,940  cubic  yards,  at  $0.60 75, 564 

Total.. -   417,990 

Right  of  way  for  approaches .....   25, 000 

SUMMARY. 

Lake  Erie  to  Lake  Superior: 

Lock --  $1,364,871 

Approaches — 

Excavation 1,529,499 

Timbercribs 417,990 

Rightof  way --.  25,000 

St.  Marys  River _ 13,268,325 

Waterway  from  Lake  Huron  to  Lake  Superior     .   16, 605, 685 

Waterway  from  Lake  Erie  to  Lake  Huron .   . 21, 170, 828 

Total  for  waterway  from  Lake  Erie  to  Lake  Superior 37, 776, 513 

Lake  Erie  to  Lake  Michigan,  same  as  waterway  from  Lake  Erie  to  Lake 

Huron 21,170.828 

Standard  low  water  with  Lake  Erie  regulated, 
LAKE  ERIE  TO  LAKE  HURON. 

Lake  Erie  at  mouth  of  the  Detroit  River: 

Sand  and  clay,  3,976,978  cubic  yards,  at  $0.09 $857,928 

Detroit  River: 

Sand  and  clay.  4,966,597  cubic  yards,  at  $0,09 446, 994 

Sand,  clay,  bowlders,  and  gravel,  1,807,659,  cnbic  yards,  at  $0.40. .  723, 064 

Rock  ( limestone) ,  3,043,749  cubic  yards,  at  $2.50 7, 609, 378 
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Lake  St.  Clair: 

Sand,  clay,  and  Kravel,  1  »,fil8,975  cnbic  yards,  at  $0.15 $2, 942, 846 

St.  Clair  River: 

Sand,  clay,  and  gravel,  5,492,053  cubic  yards,  at  $0.09 494, 285 

Foot  of  Lake  Huron: 

Sand,  clay,  and  gravel,  7,250,891  cubic  yards,  at  $0.30 _ 2,176,917 

Total  for  waterway  from  Lake  Erie  to  Lake  Huron    14, 751 ,  407 

LAKE  HURON  TO  LAKE  SUPERIOR. 

St.  Marys  River,  via  West  Neebish,  l^elow  the  lock: 

Sand,  clay,  gravel,  mud,  and  soft  clay,  20,621,905  cubic  yards,  at 

$0.08.- 2,129,752 

Sand,  clay,  gravel,  and  bowlders,  10,867,988  cubic  yards,  at  $0.40.     4,347, 195 
Rock  (limestone),  dry,  4,161,111  cubic  yards,  at  $1.10 4.577,222 

Above  the  lock 

Sand,  clay,  and  bowlders,  1,06:^,204  cubic  yards,  at  $0.40 425, 282 

Rock  (sandstone),  477.778,  at  $2 955,556 

Total  for  St.  Marys  River 12,435,007 

LOCK  A\'D  APPROACHES  AT  SAULT  8TB.  MARIE,  MICH. 
Lock: 

Excavation  in  the  dry- 
Clay  and  sma'l  sandstone  filling,  88.782  cubic  yards,  at  $0.50.  _  44, 391 

Rock  (sandstone),  183,050  cubic  yards,  at  $1.50 274,575 

Construction  of  lock 923,493 

Operating  machinery 100,000 

Total     ..    . 1,342,459 

Approaches: 

Excavation  under  water- 
Clay  and  small  sandstone  filling  174,645  cubic  yards,  at  $0.15  _  26, 197 
Rock  ( sandstone ) ,  295.9 1 1  cubic  yards,  at  $2 591 ,  8^ 

Excavation  in  the  dry— 

Clay  and  small  sandstone  filling  379,199  cubic  yards,  at  $0.50  .  189, 600 

Rock  (sandstone),  474,205  cubic  yards,  at  $1.50 711,308 

Total 1,518,927 

Timber  cribs- 
Pine,  4,323  M.,  at  $:iO _  129,690 

Hemlock,  7,738  M.,  at$23 177,974 

Oak,  209  M.,  at  $50 10,450 

Iron,  drift  bolts,  810.390  pounds,  at  $0.03 24/312 

Stone  filling,  125.940  cubic  yards,  at  $0.60 75,564 

Total -   417,990 

Right  of  way  for  approaches. . 25,000 

817MMARY. 
Lake  Erie  to  Lake  Superior: 

Lock 1,342,459 

Approaches — 

Excavation 1,518,927 


DEEP    WATERWAYS.  957 

Lake  Erie  to  Lake  Su  perior— Continued. 
Approaches— Continued. 

Timber  cribs $417,990 

Rightofway 25,000 

St.  Marys  River 12,435,007 

Waterway  from  Lake  Huron  to  Lake  Sux)erior 15, 739, 3^3 

Waterway  from  Lake  Erie  to  Lake  Huron 14, 751 .  407 

Total  for  waterway  from  Lake  Erie  to  Lake  Superior 30, 490. 790 

Lake  Erie  to  Lak  ?  Michigan,  same  as  waterway  from  Lake  Erie  to  Lake 
Huron • .   14,751,407 

On  account  of  the  irregular  cutting  ne(*essary  to  excavate  a  channel 
to  the  required  width  and  depth,  no  table  showing  locations  of  the 
various  (cuttings  has  l>een  made.  In  a  great  many  places  the  sides 
only  need  to  be  triinme<l;  at  otlier  places  a  small  bar  extends  across 
the  channel. 

On  plates  2  to  13,  inclusive,  side  lines  of  the  channel  are  shown, 
only  where  cutting  is  necessary  for  the  30-foot  channel. 

Respectfully  submitted. 

Andrew  J.  Swift. 

The  Board  of  Enoineers  on  Deep  Waterways. 


Appendix  No.  is. 

CHABACTEB  OF  MATERIALS  ON  DEEP  WATERWAY  ROUTES. 

The  instructions  of  the  Board  to  field  parties  required  that  borings 
should  be  made  at  such  frequent  intervals  along  the  routes  investi- 
gated as  found  necessary  to  determine  tlie  elevation  of  the  rock  sur- 
face, where  above  the  bottom  grade  of  the  proposed  waterways,  and 
to  determine  the  nature  of  the  materials  to  be  excavat^Ml,  if  the 
waterways  should  l>e  constructed. 

In  addition  to  these  borings,  diamond-drill  holes  were  bore<l  through 
the  rock  strata  of  locations  wiiere  the  natural  outcrop  did  not  indicate 
the  nature  of  the  material  to  be  excavated  and  the  character  of  rock 
on  which  structures  would  have  to  be  founded. 

Samples  wiM-e  preserved  from  all  the  holes,  and  an  ac<*urate  i*ecord 
kept  of  the  depth  from  which  taken. 

Vertical  sections  of  the  holes  along  the  located  lines  have  been 
plotted  on  tlie  profiles  of  the  routes,  and  the  limiting  lines  between 
dilferent  kinds  of  material  sketche<l  in  between  adjacent  holes.  From 
these  sections  and  profiles  the  average  limiting  elevations  of  the 
bottom  and  top  of  the  different  kinds  of  materials  have  been  estimated 
and  compiled  in  the  annexed  tables. 

The  plates  showing  the  character  and  thickness  of  the  strata  at 
diamond-drill  holes  are  inserted  in  the  tables  in  connection  with  the 
corresponding  staticm  numbers  of  the  routes. 

Respect f u  1  ly  su bmit ted . 

(tEO.    V.   WiSNER. 

The  Board  of  Engineers  on  Deep  Waterways. 
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DIAMOND  DRILL  B0RIN08 
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No.  4. 


DIAMOND  DRILL  BORINGS 
Tonawanda-Oicott  Route. 

No.5. 


No.6. 


Weet  of  Lockport,N.  Y. 

(200  FT.  E.  OF  5TA.  1260.) 


Soft  30II  and  clay. 


Nti^gfarv  Limattone.N^ry 
hard,  l|gKt  gray  in  color 
and  with  an  oily  faata. 


Firm  Niagara  Shala.Ceo' 
aiderabia  aand  in  uppar  5  ft. 


WeBtofLockport.N.Y. 
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port  J 
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)  \r- 


Soft  soil  and  day. 
Clinton  Limestone  with 
numerous  chy  seams 

Clinton  Limaetone  with 
Clinton  Shale. 

Clinton  Shale  with  red. 
grmy  and  green  sand- 
atone. 

Gray  sandstone. 


Medina  Sandstone ;  red 
mnd  grmy. 

Medina  Sandstone  and 
r«d  shale. 
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Appendix  No.  19. 

DIAMONB-DBIXI*  BOBIKOS. 

Detroit,  Mich.,  August  9,  1899, 
Gentlemen:  The  diamond-drill  investigatioiiH  to  determine  the 
nature  of  the  rock,  its  degree  of  hardness,  thickness  of  strata,  etc.,  at 
various  jwints  along  the  lines  of  the  United  States  deep-waterways 
surveys  was  taken  up  in  October,  1898,  and  carried  on  without  unnec- 
essary delay  until  the  middle  of  May,  1899. 

In  all  25  test  holes  were  drilled,  aggregating  2,461.4  feet  of  com- 
bine<l  drift  and  ro<^k  drilling,  and  distributed  as  follows: 

Feet. 

Tonawanda-Olcott  route,  9  holes 1,022.9 

Lasalle-Lewiston  route,  5  holes  574.4 

Western  Division,  Oswego  route,  7  holes 521.6 

Northern  Division,  Champlaln  route,  4  holes 342. 5 

The  party  doing  the  work  (ronsisted  of  superintendent  of  diamond- 
drill  borings,  at  $125  per  month;  foreman  of  diamond-drill  borings,  at 
tl(H)  per  month;  teamster,  with  team  and  wagon  and  extra  wagon  and 
water  tank,  at  $75  or  $90  per  month;  two  laborers,  at  $55  per  month 
each;  night  watc^hman,  at  $55  per  month;  the  men  paying  their  own 
expenses,  except  car  fare,  in  moving. 

The  <lrill  outtil,  which  was  rented  of  the  Sullivan  Machinery  Com- 
pany, of  Chicago,  consisted  of  an  S  <irill,  capacity  500  feet,  mounted 
on  wheels  for  convenience  in  moving;  a  15-horsei)ower  portable  boiler; 
a  lilake  steam  pump;  12  carbons  (24  carats),  and  the  necessary  equip- 
ment of  rods,  casing,  stan<lpipe,  blank  bits,  tools,  etc.,  for  carrying  on 
the  work.  Three  hundred  dollars  |)er  month  rental  was  paid  for  the 
outfit,  all  parts  broken  or  destroyed  l)eing  paid  for  extra  at  the  list 
prices  of  the  Sullivan  Machinery  Company.  The  loss  on  carbon  was 
I)aid  for  each  thirty  days  at  the  rat4>  of  $36.50  per  carat  for  all  loss  by 
wear  or  breakage;  all  stones  broken  or  worn  l>elow  1  (^arat  in  weight 
being  considere<l  too  snuill  for  marketable  i)urposes,  and  hence  to  be 
paid  for  at  the  i*egular  rate. 

The  Sullivan  Company  also  furnishe<l  a  skilled  machinist  and  dia- 
mond setter  to  serve  as  drill  foreman,  but  whose  salary  was  paid  by 
the  Hoanl. 

In  addition  to  the  above  equipment,  a  shanty  for  the  protection  of 
the  machine  and  boihM-,  and  men  while  working,  and  a  derrick  used 
in  raising  and  lowering  the  drill  ro<ls,  were  necessary  and  were  pur- 
chased by  the  Boaixi. 

For  locating  the  position  of  the  drill  holes  on  the  maps,  and  also  for 
determining  the  surface  elevations  of  the  holes,  a  transit  and  stadia 
board  were  used,  *' stadia"  or  **base  line"  hubs  of  the  topographical 
survey  being  used  as  i-eference  points. 
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For  the  purpose  of  securing  iK^tt^^r  core  sninples  in  the  shales  or 
softer  rock  an  A  core  barrel,  drilling  a  1  i\-inch  core,  was  used  on  the 
S  outfit,  which,  unless  siiecially  equipi)e<i,  drills  a  core  \l  inch  in 
diameter. 

All  the  rock  core  8ecure<l  in  drilling,  whether  in  long,  unbroken 
pieces  or  badly  broken  up,  was  saved  for  samples.  For  storing  and 
saving  the  core,  boxes  about  8  feet  long  and  1  foot  wide  were  used, 
each  box  being  divided  into  G  compartments,  each  1|  inches  square 
and  8  feet  long,  by  longitudinal  strips  alM)ut  one-half  inch  wide,  run- 
ning lengthways  of  the  box  and  securely  tacked  to  the  l)ottom.  The 
top  of  the  box  was  put  on  with  screws,  in  onier  that  it  might  l)e  easily 
and  quickly  put  on  or  taken  off  at  any  time. 

In  drilling,  a  10-foot  core  barrel  was  used.  In  case  of  a  uniform 
grade  of  rock,  not  inclined  to  break  up  under  pressure  of  the  bit,  a 
10-foot  run  might  be  made  without  pulling  up  the  rods  to  empty  the 
core  barrel.  Generally,  however,  the  rock  broke  up  more  or  less  in 
drilling,  in  which  case  it  would  often  *' jam"  in  the  core  barrel,  and 
at  times  it  became  necessary  to  pull  up  and  remove  the  core  after  a  run 
of  not  more  than  1  or  2  feet  had  l)een  made.  In  either  case  the  core 
was  placed  in  regular  order  in  the  core  1k)x,  each  "run"  l)eing  sep- 
arated from  the  one  preceding  it  by  a  one-half  inch  strip  across  the 
compartment,  an<l  on  which  was  marked  the  number  of  the  sample, 
thus:  S  No.  I,  S  No.  50,  etc.,  and  the  *'runs"  following  in  regular 
succession  in  the  boxes.  On  the  longitudinal  strips  and  opposite 
each  ''run"  was  marked  the  depth  from  and  to,  thus:  *'26.5  feet  to 
34.9  feet."  In  addition  to  the  above  markings  a  label  was  pasted  at 
the  sitle  of  each  sample  or  run,  giving  the  route  on  which  the  sample 
was  taken,  the  number  of  the  sample,  and  numl)er  of  the  hole  and 
the  elevations  "  from — t/O."  Thus :  Route,  Oswego;  numl>er  of  sample, 
6;  numl)er  of  hole,  1;  from  Kl.,  204:;  to  El.,  257.7. 

The  winter  of  1898-lM)  was  unusually  long  and  the  roads  exception- 
ally ba<i  most  of  the  time.  Long  and  frequent  moves,  in  many  cases 
over  almost  impassable  roads,  retarded  the  progress  of  the  work  and 
added  considerably  to  its  cost.  The  moves  by  rail  were  also  quite 
costly  from  the  standpoint  of  time  lost. 

Thirty-thnM>  moves  were  made  by  teams,  covering  about  1 10  miles, 
fully  75  miles  of  which  were  made  ov(»r  bml  roads.  Five  moves,  aggre- 
gating nearly  5()0  miles,  were  made  by  rail  during  the  progress  of  the 
work.  Considerable  delay  was  experien(*ed  in  getting  cars  when 
wanted,  but  after  the  outfit  was  loade<l  and  ready  for  shipment  it 
was  in  every  case  taken  through  to  its  destinatitm  by  the  railroad 
company  in  charge  with  but  little  unnecessary  delay. 

Aside  from  delays  in  moving,  but  little  time  was  lost  on  account  of 
bad  weather.  The  work  was  carried  on  inside  the  shanty,  and  if 
water  for  the  l)oiler  and  pump  wjis  at  hand  the  work  did  not  stop  on 
account  of  storm.     There  were  two  and  a  half  days  during  the  winter 
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when  it  was  too  cold  and  stormy  t^  haul  water,  and  the  work  had  to 
be  discontinued  until  the  stonn  abateil. 

On  the  following  pajres  of  tliis  report  are  given  the  work  done  at  the 
different  holes.  Table  No.  1 ,  page  1^85,  gives  the  amounts  of  drift  and  of 
rock  in  eacli  hole,  date,  and  the  number  of  hours  (1)  in  sinking  stand- 
pipe;  (2)  in  rock  drilling;  (3)  moving;  and  (4)  delays.  The  total 
number  of  hours  is  based  on  ten  hours  i)er  day,  six  days  per  week, 
but  one  day.  Thanksgiving,  18f*8,  not  being  counted. 

A  careful  record  of  the  time  spent  in  l>oth  drift  and  rock  drilling 
was  kept  and  are  given  in  their  respective  columns  in  the  table.  The 
time  of  moving  is  also  closely  given,  on  a  basis  of  ten  hours  per 
day.  counting  the  time,  except  Sundays,  from  the  time  the  machine 
was  ready  to  move  from  a  hole  until  it  reached  the  loc^ition  of  the 
next  hole.  All  time,  on  a  basis  of  ten  hours  per  day,  not  spent  in 
drilling  or  moving  is  counted  in  the  column  of  delays.  The  amounts 
given  are  probably  a  little  larger  than  should  Ik?,  especially  for  the 
winter  months,  when  perhaps  nine  hours  to  nine  and  one-half  hours 
per  day  wen^  more  nearly  the  actual  time  put  in. 

Table  No.  2,  page  987,  is  a  statement  of  the  carlnm  losses,  giving 
(1)  approximate  losses  by  **  wear"  and  *' breakage;"  (2)  kind  of  rock 
drilled  and  numl)er  of  feet  of  each;  (3)  number  of  bits  use<l;  (4) 
average  i)er  bit;  (5)  average  loss  i>er  foot,  life  of  carbon,  et<5. 

Tables  Nos.  .S,  4,  and  5  give  the  t^)tal  cost  and  cost  per  foot  (item- 
ized) and  the  drill  repairs  used,  (m  (1)  the  Tonawanda-Olcott  and 
Lasalle-Lewiston  routes,  (2)  Oswego-Mohawk  routes  and  (3)  the 
Champlain  route,  respectively. 

Table  No.  t),  page  090,  is  a  comparison  of  the  actual  cost  of  the 
work  with  what  would  have  been  the  pn>bable  cost  by  contract  under 
the  proposal  of  the  Sullivan  Machinery  Company  of  February,  1898. 

TONAWANDA-OLCOTT   ROUTE. 

Diamond  drill  hole  No,  J. — Diamond  drill  hole  No.  1,  located  at 
Sawyers  Creek,  New  York,  was  the  first  diamond  drill  hole  put  down. 
The  drill  outfit  was  moved  from  the  freight  depot,  Tonawanda,  on 
October  5,  1898,  and  set  up,  and  on  the  following  day  hole  No.  1  was 
commenced.  The  hole  was  abandoned  on  October  8,  at  a  depth  of  49.1 
feet,  elevation  529  feet. 

The  limestone  ledge  was  encountered  here  at  a  depth  of  33.3  feet,  the 
material  alK)ve  the  rock  being  clay,  with  some  sand  and  gravel.  But 
little  trouble  was  exi)erien(?ed  at  this  hole  getting  down  to  the  ledge, 
no  stones  or  bowlders  being  encountered. 

The  rock  was  found  to  be  a  fine,  light-gray,  and  quite>  hard  lime- 
sUme,  in  thin  seams,  which  alternated  with  layers  of  clay.  The  15.8 
feet  drilled  in  rock  gave  but  al>out  4  feet  of  core  samples,  no  pieces  of 
which  were  over  4  or  5  inches  in  length,  and  most  of  them  l)eing  one- 
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half  to  2  inches  long.  The  layei*s  became  thinner  as  t  he  depth  increased, 
and  the  rock  found  here  was  of  a  different  nature  from  that  found 
elsewhere  on  either  of  the  Niagara  routes,  in  that  it  was  lighter  in 
color,  finer  grained,  and  lay  in  thinner  layers.  Only  about  25  per 
cent  of  the  core,  after  striking  the  ledge,  was  saved,  the  clay  l>etween 
the  rock  layers  grinding  up  and  washing  away. 

Diamond  drill  hole  No.  2. — Diamond  drill  hole  No.  2,  located  at 
Pendleton  Center,  N.  Y.,  was  commenced  on  October  10  and  finished 
on  October  18,  at  a  depth  of  114  feet,  elevation  470.0  feet. 

Considerable  trouble  was  experienced  at  this  hole  getting  down  to 
the  ledge.  The  drift  consisted  of  stones  and  bowlders  bedded  in  hard 
clay,  and  it  required  two  and  one-half  days  of  hard  work  to  get  the 
easing  down  and  seated  on  the  ledge,  which  was  found  to  be  24.7  feet 
below  the  surface. 

The  rock  is  a  dark-gray  lime  conglomerate,  quite  hard  and  some- 
what porous  in  places.  Good  (»ore  samples  were  obtained,  some  pieces 
from  12  to  18  in(*hes  in  length  being  obtained.  Only  in  a  few  places 
did  the  core  break  up  much  in  drilling,  fully  80  per  cent  of  the  core 
being  saved. 

A  piece  alwut  one-fourth  carat  in  weight  wa.s  broken  from  one  of 
the  carbons  in  drilling  this  hoh*. 

Diamond  drill  hole  No,  S. — Dianxmd  drill  hole  No.  3,  located  near 
the  head  of  the  gulf  west  of  Lockjjort,  N.  Y.,  was  commenced  on  Octo- 
ber 19  and  finished  Novemlx^r  3,  at  a  depth  of  200.9  feet,  elevation 
387.9  feet. 

The  Niagara  limestone  ledge  was  encountered  here  1.8  feet  below  the 
surface.  Helow  the  Niagara  limestone,  which  was  found  to  be  about 
15  feet  thick,  or  at  elevation  571.9  feet,  Niagara  shale  was  entered, 
and  continued  for  70  feet,  elevation  501.8  feet,  when  Clint<m  lime- 
stone, alternating  with  layers  of  dark-gray  shale,  was  encount^'red. 
Below  this,  or  at  elevation  408.5  feet,  the  Medina  sandstones  and 
shales  were  entered,  and  continued  tx»  elevation  387.9  feet,  at  which 
point  the  hole  was  abandoned. 

The  limestones,  Niagara  shale,  and  the  shales  found  bi*tween  the 
sandstone  seams  all  drilled  ni(»ely,  and  good  progr<\ss  was  made  in 
them,  but  the*  sandstone  seams,  which  were  pink  or  gray,  or  mottled 
pink  and  gray  in  color,  proved  exceedingly  hard.  The  machim*  had 
to  be  heavily  weighted  to  force  the  bit  into  the  rock;  the  carbons 
polished  badly,  and  not  nearly  su(»h  good  progress  could  be  made. 

Good  core  samples  were  obtained  throughout  the  hole,  except  in 
the  red  and  green  shales  betwet^n  the  sandstoiK^  layei-s.  Thes«»  ground 
up  and  washed  away  quite  badly,  so  that  some  runs  did  not  give 
more  than  about  80  jier  cent  of  core. 

The  Niagara  shale  l)roke  up  but  little  in  drilling,  but  broke  easily, 
transversely  to  the  length  of  th<»  section,  on  being  removed  from  the 
core  barrel.  Many  pieces  a  foot  or  more  in  length  were  secured,  but 
H.  Doc.  149 (12 
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nearly  if  not  quite  all  of  these  were  broken  into  shorter  pieces  in 
handling. 

At  a  depth  of  7.5  feet  the  flow  from  the  pump  was  lost  through  a 
crevice  in  the  ledge,  and  it  became  necessary  to  ream  and  sink  the 
casing  below  it  in  order  to  regain  the  flow.  This  proved  a  costly 
operation,  as  two  carbons,  aggregating  2i  carats  weight,  were  broken. 

A  strong  flow  of  natural  gas  was  struck  at  a  depth  of  79  feet,  but 
it  soon  exhausted. 

The  last  10  feet  drilled  in  hole  No.  3  was  a  firm,  gray  shale,  quite 
different  from  any  of  the  preceding  shales  encountered  in  this  hole. 

Diamand  drill  hols  No,  4- — Diamond  drill  hole  No.  4,  located  1^ 
miles  southwest  of  Lockport,  N.  Y.,  was  commenced  on  November  3 
and  finished  November  7,  at  a  depth  of  58.6  feet,  elevation  548  feet. 

The  Niagara  limestone  ledge  was  encountered  at  a  depth  of  6  feet, 
and  continued  to  depth  of  48.9  feet,  elevation  557.7  feet,  where  the 
Niagara  shale  was  encountered,  and  penetrated  to  a  depth  of  58.6 
feet,  where  the  hole  was  abandoned. 

Pieces  of  core  samples  as  much  as  2.2  feet  in  length  were  secui-ed 
at  this  hole,  good  core  samples  being  obtained  throughout. 

Diamotid  drill  hole.  No.  5. — Diamond  drill  hole  No.  5,  located  about 
1^  miles  west  of  Lockport,  N.  Y.,  was  started  on  November  8  and 
finished  on  November  11,  at  a  depth  of  58  feet,  elevation  567  feet. 

Clay,  sand,  and  gravel  were  found  to  a  depth  of  11.5  feet,  when  the 
Niagara  limestone  was  encountered  at  a  depth  of  45.5  feet,  elevation 
579.5  feet  Niagara  shale  was  encountered.  ITiis  was  penetrated  to  a 
depth  of  58  feet,  when  the  hole  was  abandoned. 

The  limestone  in  hole  No.  5  broke  up  badly,  causing  the  core  barrel 
to  "jam"  and  making  it  necessary  to  pull  up  quite  often  and  remove 
the  core.  The  shale  was  similar  to  that  found  in  holes  Nos.  3  and  4, 
good  samples  being  obtained. 

In  seating  the  casing  at  this  hole  it  was  found  that  the  fine  sand 
could  not  be  shut  out  by  the  two  sets  of  casing  setting  on  the  ledge, 
which  seemed  to  be  sloping.  A  casing  bit  was'set  with  fragments  of 
carbons  and  drilled  into  the  rock  a  few  inches,  which  gave  a  good 
seating. 

Holes  Nos.  4  and  5  wert^  put  down  for  the  purpose  of  forming,  with 
hole  No.  3,  the  vertices  of  a  triangle,  by  means  of  which  the  plane  of 
the  Niagara  shale  could  be  approximately  established. 

Diamond  drill  Jiole  No,  6. — Diamond  drill  hole  No.  6,  located  about 
2  miles  northwest  of  Lockport,  N.  Y.,  was  commenced  November  11 
and  finished  November  26,  at  a  depth  of  194.3  feet,  elevation  332.1 
feet. 

The  Clinton  limestone  ledge  was  found  here  1.4  feet  below  the  sur- 
face, and  continued,  alternating  with  layers  of  dark-gray  shale,  until 
a  depth  of  25  feet  was  reached,  when  the  sandstone  and  shales  similar 
to  those  found  in  hole  No.  3  were  entered.     At  depth  125.1  feet  the 
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sandstone  was  passed  through  and  firm  red  shale  was  encountered 
to  a  depth  of  194.3  feet,  when  the  hole  was  abandoned. 

At  94.2  feet  a  firm,  dark-gray  shale,  similar  to  that  in  which  hole 
No.  3  was  abandoned,  was  entered.  This  bed  of  sliale  was  found  to 
be  about  15  feet  thick,  and  below  it  another  seam  of  extremely  hard, 
light-gray  sandstone  was  found.  This  is  about  15  feet  in  thickness, 
apparently  one  seam,  and  is  the  last  of  the  sandstone,  the  red  shale 
being  found  under  it. 

The  sandstone  in  hole  No.  6,  like  that  in  hole  No.  3,  was  extremely 
hard  drilling. 

Diamond  drill  hole  No,  7, — Diamond  drill  hole  No.  7,  located  about 
3  miles  north  of  Lockport,  N.  Y.,  was  commenced  on  November  28 
and  finished  December  6,  at  a  depth  of  99.9  feet,  elevation  267.2  feet. 

The  drift  was  found  to  be  13.7  feet  of  gravel;  beneath  it  is  red 
shale,  which  continues  to  99.9  feet,  where  the  hole  was  abandoned. 
Until  a  depth  of  70  feet  was  reached  the  shale  in  places  was  quite 
soft  and  inclined  to  cave.  On  attempting  to  pull  up  at  about  70  feet 
it  was  found  that  loose  material  had  caved  in  above  the  core  barrel, 
which  was  larger  than  the  rods;  after  raising  about  3  feet  the  core 
barrel  wedged,  and  it  was  found  necessary  to  ream  down  to  the  core 
ban*el  and  drill  away  the  wedging  material  before  the  core  barrel 
could  be  loosened.  The  casing  was  "churned"  down  until  the  top  of 
the  core  barrel  was  reached,  when  it  apparently  became  loosened. 
The  jacks  were  then  put  on  and  the  rods  raised  a  few  inches,  when  a 
rod  coupling  30  feet  below  the  surface  broke.  It  then  became  neces- 
sary to  ream  clear  to  the  bit  before  the  rods  became  suflficiently  loose 
to  be  raised  with  a  recovering  tap. 

A  good  firm  shale  was  found  below  70  feet  depth.  Above  70  feet 
about  45  per  cent  of  the  core  ground  up  and  washed  away,  while 
below  this  depth  only  about  10  per  cent  of  the  core  was  lost. 

Diamond  drill  hole  No.  8. — Diamond  drill  hole  No.  8,  located  about 
2  miles  south  of  Newfane,  N.  Y.,  was  commenced  on  December  7  and 
finished  December  13,  at  a  depth  of  180.3  feet,  elevation  175.8  feet. 

The  red  shale  ledge  was  encountered  here  at  13.5  feet  and  continued 
until  the  hole  was  abandoned.  About  90  per  cent  of  the  core  was 
secured;  numerous  pieces,  each  1  to  2  feet  in  length,  were  secured, 
but  thoy  broke  into  shorter  pieces  in  handling. 

The  first  serious  trouble  in  moving  was  experienced  in  moving  from 
hole  No.  7  to  hole  No  8,  due  to  deep  snows  and  badly  drifted  roads, 
nearly  all  of  one  day  being  required  to  get  outfit  through. 

Diainoml  drill  hole  No,  9. — Diamond  drill  hole  No.  9,  located  on  the 
beach  at  Olcott,  N.  Y.,  was  commenced  on  December  14  and  finished 
December  10,  at  a  depth  of  08. 7  feet,  elevation  182.5  feet. 

Shale  was  encountered  here  at  9.6  feet  and  continued  until  the  hole 
was  abandoned;  it  was  found  to  be  similar  to  that  found  in  hole  No. 
8,  but  becoming  much  harder  as  the  depth  increased.     Seams  were 
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found  in  the  last  10  feet  drilled  which  closely  resembled  soft  Medina 
sandstone. 

A  good  percentage  of  core  samples  were  obtained. 

Another  difficult  move  was  experienced  from  hole  No.  8  to  hole  No. 
9  on  account  of  deep  snow  drifts,  through  which,  in  places,  a  road  had 
to  be  shoveled. 

LASALLE-LEWISTON   ROUTE. 

Diximoful  drill  hole  No.  1. — After  finishing  the  Tonawanda-Olcott 
route  the  drill  outfit  was  moved  to  Lasalle  and  the  work  on  the  Lasalle- 
Lewiston  route  commenced.  The  roads  being  blocked  with  snow,  the 
move,  26  miles,  had  to  be  made  by  rail.  Three  days  were  lost  waiting 
for  a  ear  at  Newfane,  though  one  had  been  ordered  three  days  before 
wanted.  No  unnecessary  delay  occurred  by  the  car  being  sidetracked 
between  Newfane  and  Lasalle. 

The  outfit  was  moved  to  location  of  hole  No.  1,  near  Lasalle,  N.  Y., 
on  December  22,  and  the  hole  was  finished  on  December  26  at  a  depth 
of  49.3  feet,  elevation  524.3  feet. 

At  hole  No.  1  were  found  23  feet  of  clay,  sand,  and  gravel.  Niagara 
limestone  was  encountered  at  23  feet  and  penetrated  to  a  depth  of 
49.3  feet,  when  the  hole  was  abandoned. 

One  piece  of  core  28  inches  in  length  was  secured  at  hole  No.  1; 
much  of  the  core  at  this  hole,  however,  broke  up  badly  in  drilling. 
Over  80  per  cent  of  the  core  was  saved. 

Diamond  driU  hole  No.  2, — Diamond  drill  hole  No.  2,  located  about 
3  miles  east  of  Niagara  Falls,  N.  Y.,  was  commenced  on  December  26 
and  finished  on  December  30,  at  a  depth  of  68.7  feet,  elevation  523.3 
feet. 

Niagara  limestone  was  found  at  12.6  feet  and  penetrated  to  a  depth 
of  67.8  feet,  when  the  hole  was  al)andoned.  Good  core  samples  were 
obtained,  one  piece  22  inches  long  being  secured. 

Diamond  drill  hole  No.  S. — Diamond  drill  hole  No.  3,  located  on  top 
of  the  ridge,  three-fourths  mile  south  of  Lewiston,  was  commenced  on 
December  31,  1898,  and  was  finished  on  January  26,  1899,  at  a  depth 
of  219  feet,  elevation  385.5  feet. 

Niagara  limestone  was  encountered  at  9.6  feet;  then  followed  in 
succession  Niagara  shale  at  40.8  feet;  Clinton  limestone  and  shales, 
111.3  feet,  and  Medina  sandstones  and  shales  at  142.1  feet.  The  last 
13  feet  drilled  was  a  firm  gray  shale,  similar  to  that  found  at  holes 
Nos.  3  and  6  on  the  Tonawanda-Olcott  routes  at  somewhat  similar 
elevations. 

The  rock  here  resembled  closely  that  at  hole  No.  3,  on  the  Tona- 
wanda-Olcott route,  the  sandstone  being  extremely  hard  drilling. 

At  a  depth  of  194.6  feet,  hole  No.  3  was  abandoned  for  the  time 
being,  the  casing  being  left  in,  and  hole  No.  4  put  down  on  the  side  of 
the  escar{)ment,  it  being  thought  that  the  ledge  would  be  struck  there 
at  an  elevation  above  that  at  which  hole  No.  3  had  been  abandoned. 
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The  ledge  not  being  encountered  at  hole  No.  4  until  elevation  388.9 
feet  was  reached,  it  was  necessaiy  to  move  back  to  hole  No.  3  (which 
was  done  January  24,  after  finishing  hole  No.  4)  and  drill  deeper,  the 
hole  being  abandoned  at  219  feet  depth,  elevation  385.5  feet. 

Diamond  drill  hole  No,  U- — Diamond  drill  hole  No.  4,  on  shelf  on 
the  escarpment  at  Lewiston,  was  commenced  January  13  and  finished 
January  23,  at  a  depth  of  105  feet,  elevation  330. G  feet. 

This  hole  was  located  on  a  shelf  of  the  escarpment  and  the  surface 
of  the  ledge  was  found  to  lie  much  deeper  than  was  expected.  Forty- 
six  and  seven-tenths  feet  of  clay,  sand,  gravel,  and  bowlders  were 
drilled  through  before  the  ledge  was  encountered. 

Very  hard,  gray,  and  somewhat  broken  sandstone  was  found  at  46.7 
feet,  and  this  proved  very  hard  and  costly  drilling,  4  carats  weight  of 
carbons  being  fractured  or  broken  below  the  * '  1  carat "  limit.  Twenty- 
two  and  one-tenth  feet  of  this  sandstone  was  passed  through,  when  at 
elevation  360  feet  the  red  shale  was  entered;  this  was  penetrated  to 
elevation  330.6  feet  when  tlie  hole  was  abandoned. 

On  attempting  to  j^uU  up  the  3-inch  standpipe  on  leaving  this  hole 
it  was  found  to  be  stuck  tight.  The  pipe  broke  at  a  coupling  in 
*'  jacking"  and  the  drive  shoe  and  35  feet  of  pipe  had  to  be  left  in  the 
hole. 

Diamond  drill  hole  No.  5. — Diamond  drill  hole  No.  5,  located  about 
one-half  mile  north  of  Lewiston,  N.  Y.,  was  commenced  on  Januaiy 
27  and  finished  on  February  1,  at  a  depth  of  132.4  feet,  elevation  209.4 
feet. 

Red  shale  was  encountered  at  9.1  feet  and  continued  to  132.4  feet, 
when  the  hole  was  abandoned.  The  shale  in  this  hole  was  found  to 
be  softer  than  the  general  run  of  red  shale  previously  encountered, 
though  it  became  quite  firm  the  last  40  feet.  Fully  75  per  cent  of  the 
core  above  90  feet  ground  up  and  washed  away.  Below  this  point 
nearly  75  per  cent  was  saved. 

OSWEGO-MOHAWK   ROUTE    (WESTERN   DIVISION). 

Diamond  drill  hole  No,  1. — Diamond  drill  hole  No.  1,  located  at 
Oswego,  N.  Y.,  was  commenced  on  February  4  and  finished  February 
13,  at  a  depth  of  105.1  feet,  elevation  201.2  feet. 

Under  12.8  feet  of  sand,  clay,  and  hard  pan  at  this  place,  red  Medina 
sandstone  was  found ;  at  48  feet  a  bluish  gray  sandstone  was  encoun- 
tered and  this  hole  was  abandoned  at  105.1  feet.  The  rock  in  this 
hole  was  all  quite  hard,  but,  being  of  a  uniform  texture,  drilled  nicely. 
Good  core  samples  were  obtained,  one  piece  of  gray  sandstone  4.5 
feet  in  length  being  secured,  but  was  broken  in  handling. 

The  move  from  Lewiston  to  Oswego  was  made  by  rail  with  but  little 
delay,  the  car  leaving  Lewiston  on  Thursday  afternoon  and  arriving 
in  Oswego  about  noon  the  following  day. 

On  account  of  the  severe  storm  and  cold,  water  could  not  be  gotten 
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to  the  hole  and  work  at  hole  No.  1  had  to  be  stopped  soon  after  noon 
on  February  9,  and  was  not  resumed  until  the  morning  of  the  11th, 
when  the  storm  abated  somewhat.  This  was  the  first  time  lost  on  the 
work  on  account  of  bad  weather. 

Diamond-drill  hole  No.  2. — Diamond-drill  hole  No.  2,  located  at 
Minetto,  N.  Y.,  was  commenced  on  February  14  and  finished  March 
1,  at  a  depth  of  99. :3  feet,  elevation  259.4  feet. 

Great  difficulty  was  experienced  here  in  getting  the  casing  down  to 
the  ledge,  on  account  of  the  great  depth  of  sand,  gravel,  and  bowlders 
that  had  to  be  passed  through.     After  sinking  the  3-inch  standpipe 

21.3  feet  the  steel  drive  shoe  was  broken  off,  necessitating  pulling  up 
and  starting  a  new  hole,  one  day  l)eing  partly  lost  waiting  for  a  new 
shoe,  which  came  on  Monday  morning,  having  been  ordered  on  Satur- 
day morning. 

The  .'{-inch  standpipe  became  '*fast''  at  45  feet  in  the  second  hole 
here,  and,  rather  than  risk  breaking  the  pipe  again  by  heavy  driving, 
it  was  allowed  to  remain  at  that  dei)th,  and  only  the  2-inch  casing 
was  sunk  the  rest  of  the  way  to  the  ledge,  which  was  encountered  at 

77.4  feet,  elevation  281.3  feet.  Fortunately  the  sand  and  other  foreign 
matter  could  be  shut  out  with  one  set  of  casing  so  that  the  diamond 
bit  could  be  put  down. 

Red  Medina  sandstone  was  found  and  was  penetrated  to  a  depth  of 
99.3  feet,  when  the  hole  was  abandoned,  the  rock  being  similar  to  the 
red  stone  found  at  hole  No.  1. 

The  move  from  hole  No.  1  to  hole  No.  2  was  one  of  the  most  difficult 
of  the  winter,  owing  tf)  badly  drifts  roads.  The  boiler  and  machine 
were  each  mounted  cm  runners.  The  boiler  being  quite  heavy,  the  run- 
ners cut  through  the  track  quit«  often,  and  it  was  difficult  to  keep  it 
from  upsetting.  One  whole  day  was  required  in  making  the  move, 
and  four  teams  were  required  to  take  the  boiler  up  one  hill,  which  was 
badly,  drifted. 

As  rock  was  not  found  at  hole  No.  2  until  an  elevation  several  feet 
below  the  bed  of  the  Oswego  River  at  this  place  was  reached,  another 
diamond  drill  hole.  No.  3,  was  put  down  about  1,000  feet  upstream 
from  hole  No.  2,  where  there  were  indications  that  rock  would  be 
found  at  a  higher  elevation.  This  proved  to  be  the  case,  red  Medina 
sandstrone  being  found  at  hole  No.  3  at  12.4  feet,  elevation  299.2  feet, 
and  was  penetrated  to  a  depth  of  31.3  feet,  elevation  280.3  feet,  when 
the  hole  was  abandoned.  The  sandstone  was  found  to  be  similar  to 
that  at  the  preceding  hole.  Numerous  layers  of  clay  4  to  5  inches  in 
thickness  were  found  alternating  with  the  rock  seams.  Only  about  70 
per  cent  of  the  core  was  saved. 

Diamond-drill  hole  No.  4. — Diamond-drill  hole  No.  4,  located  at  Ful- 
ton, N.  Y.,  was  commenced  on  March  4  and  finished  March  9,  at  a  depth 
of  80. 0  feet,  elevation  288.8  feet. 

Eighteen  and  four-tenths  feet  of  drift  were  penetrated,  under  which 
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was  found  red  Medina  sandstone  in  which  the  liole  was  abandoned 
at  8G.6  feet,  the  rock  being  similar  to  the  Medina  sandstone  found  in 
the  preceding  holes  of  this  route.  About  80  per  cent  of  the  core  was 
saved,  numerous  clay  seams  of  2  to  4  inches  being  encountered. 

Diamond-drill  hole  No.  5. — Diamond-drill  hole  No.  5,  located  about 
1^  miles  south  of  Phoenix,  N.  Y.,  was  commenced  on  March  10  and 
finished  on  March  11,  at  a  depth  of  52.8  feet,  elevation  319.3  feet. 

Dark-gray  shale  was  encountered  at  24  feet  and  penetrated  to  a 
depth  of  52.8  feet,  when  the  hole  was  abandoned.  This  shale  was 
quite  firm  and  contained  numerous  harder  seams  or  '*  knots,"  in  one 
of  which  a  corner  about  one-half  carat  in  weight  was  broken  from  one 
of  the  carbons.  About  75  per  cent  of  good  core  samples  were 
obtained. 

On  attempting  to  pull  up  the  standpipe  after  finishing  the  hole  it 
was  found  to  be  stuck,  the  sand  having  settled  around  it.  The  pipe 
broke  in  "jacking,"  and  19  feet  of  pipe,  with  the  drive  shoe,  had  to 
be  abandoned. 

DlavKmd'drill  hole  No.  6. — After  finishing  hole  No.  5  the  outfit  was 
moved  to  Phoenix  and  loaded  onto  a  car  and  shipped  to  Rome,  N.  Y., 
for  further  work  there,  no  unnecessary  delays  occurring  in  moving. 

Diamond-drill  hole  No.  G,  located  3^  miles  northwest  of  Rome, 
N.  Y.,  was  commenced  on  March  15  and  finished  on  March  23,  at  a 
depth  of  75  feet,  elevation  339.9  feet. 

A  broken,  slaty  material  was  found  at  this  hole  at  31.7  feet.  In 
"churning"  into  this  a  chopping  bit  was  broken  at  36.4  feet,  and  it 
was  necessary  to  pull  up  and  move  to  get  away  from  broken  bit. 

In  the  second  hole  soft,  slaty  material  was  found  at  31.6  feet. 
After  "  chopping"  into  this  about  6  feet  the  diamond  bit  was  put  down 
and  the  ledge  penetrated  to  a  depth  of  75  feet,  elevation  339.9  feet, 
when  the  hole  was  abandoned.  The  rock  was  found  to  be  alternating 
seams  of  slate  and  limestone,  the  limc^stone  bands  being  quite  hard. 
Good  core  samples  were  obtained,  though  about  75  per  cent  of  the 
core  in  the  last  12  feet  ground  away.  One  day  was  lost  at  this  hole 
on  aecrount  of  stormy  weather. 

Diamond-drill  hole  No.  7. — Diamond-drill  hole  No.  7,  located  about 
2  miles  northwest  of  New  London,  N.  Y.,  was  commenced  on  March 
24  and  finished  on  April  1,  at  a  deptli  of  71.5  feet,  elevation  323.8  feet. 

This  was  another  holo  that  gave  considerable  difliculty  getting 
down  to  the  ledge  on  account  of  the  gravel  and  bowlders  encountered. 

The  ledge,  a  fine,  light-gray  limestone,  was  found  at  a  depth  of  59.7 
feet  and  penetrated  to  a  depth  of  71.5  feet,  when  the  hole  was  aban- 
doni^d.  The  rock  was  not  very  hard.  Good  core  samples  were 
obtained,  tliough  aliout  25  per  cent  of  the  core  ground  away. 

At  2^.4  feet  what  was  thouglit  at  the  time  to  be  the  ledge,  but  after- 
wards proved  to  be  a  limestone  bowlder,  was  encountered.  After 
drilling  in  it  about  8  inches  with  the  diamond  bit,  the  clay  was  again 
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encountered.     The  stone  was  broken  up  with  dynamite,  so  that  the 
casing  might  be  sunk  below  it. 

On  April  3  the  outfit  was  moved  to  Rome,  N.  Y.,  and  on  the  follow- 
ing day  load(»d  onto  a  ear  and  shippinl  to  Champlain,  N.  Y.,  for  work 
on  the  Champlain  route,  northern  division.  A  dehiy  of  one  day  was 
occasioned  at  Rome  waiting  for  a  car,  but  aft^M*  leaving  Rome  the 
outfit  received  but  one  delay  en  route  to  (-hamplain,  that  being  at 
Watt^rtown,  N.  Y.,  where  the  car  was  set  out,  but  was  t>aken  up  by 
the  next  train  and  arrived  in  Champlain  on  April  (>. 

CHAMPLAIN   ROUTE— NORTHERN    DIVISION. 

Diamond-drill  hole  No.  1. — Diamond-drill  hole  No.  1,  located  1  mile 
southeast  of  Champlain,  N.  Y.,  was  commenced  on  April  7  and  fin- 
ished April  11,  at  a  depth  of  71.4  feet,  elevation  59.8  feet. 

Thirty-five  and  two-tenths  feet  of  soft  clay  were  found  above  the 
ledge  at  this  place.  The  rock  consisted  of  a  lime  quartzite  and  was 
extremely  hard  drilling,  the  machine  having  to  l)e  heavily  weighted 
to  forc<^  the  bit  into  the  rock.  Good  core  samples  were  obtained,  less 
than  10  j)er  cent  of  the  core  ])eing  lost.  The  carbons  polished  badly, 
and  the  36.2  feet  of  ro<*k  drille<l  reciuired  tw>  bits. 

Diaviond'driU  hole  No.  2. — Diamond-drill  hole  No.  2,  located  about 
3  miles  northwest  of  Ilemmingford,  Quebec,  Canada,  was  commenced 
on  April  14  and  finished  on  April  10,  at  a  depth  of  85.1  feet,  elevation 
112.i)  feet. 

The  move  from  hole  No.  1  to  hole  No.  2  was  an  exceedingly  difficult 
one  on  account  of  the  deep  mud,  two  days  being  required  for  the  14 
miles  and  an  equivalent  of  14  teams  for  one  day. 

The  ledge,  which  is  of  a  lime-quartzite  nature,  was  encountered  at 
7.6  feet  and  penetrated  to  85.1  feet,  when  the  hole  was  abandoned. 
The  rock  was  all  exceedingly  hard  drilling,  the  carbons  polishing 
ba<lly  in  it. 

Fully  95  per  cent  of  good  core  samples  was  obtained,  many  pieces 
being  each  1  to  3  feet  in  length.  A  strong  flowing  spring  was  encoun- 
tered at  60  feet. 

Didinojul -drill  hole  No.  S. — Diamond-drill  hole  No.  3,  located  at 
Ilolton,  (iuel)ec,  Canada,  was  commenced  on  April  21  and  finished  on 
May  3,  at  a  depth  of  108  feet,  elevation  92  feet. 

Owing  to  an  impassable  swamp  intervening  l)etween  holes  Nos.  2  and 
3,  the  outfit  was  loaded  on  a  car  at  Johnsons,  Quebec,  and  shipped 
the  rest  of  the  way,  5  miles,  ])y  freight.  The  roads  from  hole  No.  2 
to  Johnsons  were  very  muddy  and  considerable  difficulty  wa.s  expe- 
rien<*ed  getting  through. 

The  s(»t-up  at  hole  No.  3  was  made  on  the  rock  ledge,  which  was 
pen(»trated  to  108  feet,  when  the  hole  was  abandoned.  The  rock  was 
quaitzite  from  top  to  bottom,  and  was  the  hardest  drilling  found  on 
the  work.  The  carbons  polished  badly,  and  5  bits  were  used  in  the 
los  feet  drilled. 
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Over  05  per  cent  of  good  core  samples  (one  i)iece,  4  feet)  were 
obtained  down  to  1 00- foot  depth,  when  baiHy  broken  stone  was 
entered ;  this  ground  away  ])adly  and  nearly  00  per  cent  of  the  core 
lost. 

Two  carbons  were  broken  in  this  broken  stone;  one,  however,  had 
been  broken  below  the  1 -carat  limit  in  hole  No.  4,  Lasalle-Lewiston 
route,  and  had  ali*eady  l)een  counted,  so  the  loss  by  breakage  here  was 
about  1  carat. 

Nearly  two  days  were  lost  at  this  hole  waiting  for  blank  bits  and 
repairs  from  Chicago.  They  were  sent  through  in  bond  to  La  GoUe, 
Quebec,  and  some  time  was  lost  in  getting  them  from  the  customs 
officers. 

Diamond-drill  hole  No.  4- — Diamond-drill  hole  No.  4,  locrated  at 
Ormstown,  Quebec,  ('anada,  was  commenced  on  May  6,  and  finished 
on  May  10,  at  a  depth  of  78  feet,  elevation  40.  fj  feet. 

The  move  from  Holton  ha<l  to  be  made  by  rail  and  one  day  was  lost 
at  Holton  waiting  for  a  car. 

One  very  bad  place  in  the  road  was  found  between  the  railroad 
and  the  location  of  hole  No.  4.  In  order  to  get  over  it,  2-inch  plank 
had  to  be  secured  and  a])out  40  fet^t  bridged.  The  village  of  Ormstown 
furnished  the  plank  free  of  charge. 

Forty-seven  and  nine-tenths  feet  of  sand  and  soft  blue  clay  were 
found  at  hole  No.  4,  alx)ve  the  ledge.  The  rock  was  a  lime-quart.zite 
mixture  similar  to  that  found  in  holes  Nos.  1  and  2. 

Good  core  samples  were  obtained,  less  than  5  j)er  cent  of  the  core 
being  lost. 

As  soon  as  hole  No.  4  was  finished,  the  outfit  was  loaded  on  a  car 
and  shipi)ed  to  Chicago,  and  the  members  of  the  crt»w  returned  to 
their  point  of  starting  work  and  disbanded. 

Number  of  Feet   Drilled  and  Distribution  of  Time  on  Diamond  Drill 

BoRiNo  Work. 

Table  No.  l.—TonauHxndu-Olcott  route. 
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Nov.  11 

Nov.  28 

Nov.  28 

Dec.    6 

Dec.    7 

Dec.  13 

Deo.  14 

Dec.  16 

i 

1 

Sink- 
ing 
Htand- 
pipe. 

Drill- 

infif 

rocK. 

Mov- 
ing. 

De- 
lays. 

i 

Hours. 

Hour*. 

Hour*. 

Hours. 

^1 

5 

» 

6 

15 

20 

30 

6 

19 

134' 

3 

90 

7 

30 

»4| 

3 

16 

4 

12 

'M\ 

7 

15 

6 

7 

12 

5 

88 

6 

22 

7  ' 

13 

m 

5 

26 

6 

6 

36 

10 

8 

3 

5 

11 

10 

4 

.«! 

67 

331 

59 

143 

In  hole  No.  3  the  flow  was  lost  at  7.5  feet,  and  it  was  necessary  to 
ream  8  feet  to  regain  flow.  About  2i  carats  carbon  was  broken  in 
this  reaming.     Hole  No.  7,  drill  rods  stuck  at  70.2  feet,  and  the  casing 


986 


DEEP    WATERWAYS. 


had  to  bo  reamed  to  ()G.(>  feet  before  the  rods  iKH^^me  loose, 
casing  was  *'chiirne<l"  down,  no  <»arbonH  beinjr  used. 


The 


No.  of  bole. 


lAisaUe-TA'n'isfon  rwiiv. 


I 

I 

8 

4 

6 

Total. 


Depth. 


Fevt. 
49.3 
68.7 


219.0 


105.0 
132. 4 


Stand- 
pipe. 


Feet. 
23.0 
12.6 


46.7 
9.1 


Rock. 


Feet. 
26.3 
ail 


Date. 


Com- 
menood. 


Fin- 
ished. 


Days. 


1898. 
Dec.  17 
Dec.  2»i 

1898. 
De<-.  26 
De<r.  :k) 

7* 
.  44 

209.4     Dec.  31 


1899.      : 
.Tan.  13 
Jan.  27 


1899. 
Jan.  26 


58.3 
12:13 


Jan. 

F«'b. 


1' 


574.4     101.0     4r,i4 


Sink- 
iiifc 
stand- 
pipe. 


Drill- 
ing 
rwrk. 


Mov- 
ing. 


De- 
lays. 


I 


Hourn.  I  Hours.   Hourg. 


40 


10 


57 


82 


26 
24 


167 


53 


Hours. 
5 
11 


8 


80  I 


86 


Osfvego-Mohawk  route,  frestern  (Umaiort. 


Kg.  of  hole. 


1 


I 


Date. 


D«pt''Wi«~"' 


I     Com- 
I  meuced. 


Fin- 
iKhod. 


j  Days. 


1 

Fert. 

105.1 
W.  3 
31.3 
86.6 
52.8 
75.0 
71.5 

Feet. 
12.8 

2 

77.4 

12.4 

1«.4 

24.0 

:j7.o 

59.7 

Total 

521.6 

241.7 

Feet. 
92.3 
21.9 
18.9 
68.2 
28.8 
38.0 
11.8 


1899. 

1899. 

Feb.     2 

Fob.  13 

Feb.  14 

Mar.    1 

Mar.    1 

Mar.   3 

Mar.    4 

Mar.   9 

Mar.  10 

Mar.  11 

Mar.  12 

Mar.  23 

Mar.  24 

Apr.    1 

'  Sink- 
!     ing 
I  stand- 
pipe. 


10  I 
8  ' 


'  Hours. 
5 

80 
5 
8 
3 

:«) 


Drill 
iiig 
rock. 

Mov- 

De- 

ing. 
Hours. 

lays. 

Honrn. 

Hours. 

42 

26 

22 

11 

15 

84 

8 

5 

7 

23 

6 

13 

7 

6 

4 

15 

26 

29 

5 

8 

9 

111 

92 

118 

1H9 


On  account  of  drive  shoe  to  standpipe  breaking  at  depth  21.3  feet, 
first  location  of  liole  No.  3  was  abandoned  and  new  hole  started. 
First  location  hole  No.  G  abandoned  at  'M\A  f<*et  on  account  of  a 
broken  bit. 

Champlain  route,  northern  dtvi'iion. 


No.  of  hole. 

D<^pth. 

i 

Date. 
Stand-  «^^.^, 

piiw.-.    ^^^       Com-          Fin- 
men<vd.      i^^hod. 

Days. 

^ing"     I>/"1- 
pipe.  '  ^^'^■ 

Mov- 
ing. 

Hours. 
45 
20 
25 
35 

De- 
lays. 

1. 

2. 
8 

1 

!    Feet. 

.  1      71.4 
.J      M.l 
..■     1()8.0 
.J      7K.0 

Fert.     Feet.  '      1899. 
aV2      36.2  1  Apr.    3 
7.6  :    77.5  !  Apr.  12 

UW.O     Apr.  2ii 

47.9      :*M  j  May    3 

1899. 
Apr.  11 
Apr.  IH 
May    3 
May  12 

? 

11 

Hours.   Hours. 

3  22 

4  !          40 
0  I          64 

Hours. 
10 
6 
21 

4. 

Total 

8  i           5            18 

22 

..|    :<42.5 

1H).7     2i->l  8    

•M 

12          144 

125 

39 

The  a(*tual  time  spent  in  sinking  standpipe,  rock  drilling,  and  in 
moving  are  v(My  closely  as  given,  the  time  moving  being  counted  on 
a  basis  of  ten  liojirs  i)er  day  from  tlie  time  the  outfit  was  ready  to  be 
moved  from  a  hol<'  until  it  reach(Hl  the  location  of  the  succeeding  hole. 

** Delays''  include  all  tim<\  on  the*  basis  of  ten  hours  per  day,  not 
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spent  in  actual  drilling  or  moving.     They  are  perhaps  a  little  large, 
especially  in  the  winter  months,  when  the  days  were  short. 

Total  drilled feet..  2,461.4 

Total  standpipe do 551.8 

Total  number  hours  sinking  standpipe 335 

Average  number  feet  per  hour ^ 1.70 

Total  rock...   feet..  1,909.6 

Total  number  hours  rock  drilling 753 

Average  number  feet  per  hour ^ 2.53 

Total  number  days  drilling " 188 

Average  number  feet  drilled  per  day  for  actual  number  working  days.  _ .  13. 1 
Average  number  feet  drilled  per  day,  not  counting  time  moving  (152.4 

days) 16.2 

Five  days,  besides  Sundays  and  delays  in  moving,  were  lost  during 
the  progress  of  the  work,  viz:  One  holiday,  two  and  one-half  days  on 
account  of  storms,  and  (me  and  one-half  days  waiting  for  repairs  from 
Chicago. 

Table  No.  2. — Carbon  lossea. 


From— 


1808. 
Oct.     1 
Nov.    1 

Dec.  1 

lb90. 

Jan.  1 

Feb.  1 

Mar.  1 

Apr.  1 

May  1 


To- 


1806. 
Nov.    1 
Dec.    1 

1890. 
Jan.     1 

Feb.  1 
Mar.  1 
Apr.  I 
May  1 
May  12 


Total. 


Wear. 


Carats. 

n 

11 


Break- 
age. 


Carats. 
3 

i 


^! 


1«0* 


Llme- 
Htone. 


Feet. 
137.8 
00.9 

82. -4 

63.4 


49.8 
30.1 


Shales. 


Sand, 
stone. 


Qnartz- 
I      Ite. 


Feet. 
106.9  ' 
ltt4.7 

300.JJ  I 

240.8  , 
20.7 
28.8  I 


Feet. 
30.0 
65.0  ! 


Feet. 


67.1 
114.2 
87.1 


880.1 


imA 


151.7 
70.0 


221. 


Number 

of  core 

bits 

used. 


Average 

number 

feet  drilled 

per  bit. 


01.6 
161.3 


22 


391.6 

00.3 
71.9 
166.7 
26.0 
35.0 


86.0 


The  amounts  of  wear  and  of  breakage  in  the  above  table  are  approxi- 
mate, only  the  total  loss  at  ea(^h  weighing  being  definite. 

Total  number  feet  of  rock  drilled,  including  8  feet  of  reaming  at  hole  No. 

3,  Tonawanda-Olcott  route feet  .  1,917.6 

Total  carbon  loss  ( 25  A^  carats  at  $36.50)   $915.91 

Average  loss  of  carbon  pfT  foot  of  rock  drilled  ( 0.001307  carat) .  per  foot. .  $0. 477 
Average  loss  (wear)  of  carbon  per  foot  of  rock  drilled  (0.000838  carat), 

perfoot   $0,306 

Average  weight  "per  stone  of  carbons  fumi^^hed  for  the  work cArats..  2. 136 

Average  life  per  stone  of  2.130  carats,  Kwlo  feet  or  70.5  feet  per 
carat. 

The  greatest  niiml>er  of  feet  of  rock  drilled  without  resetting  car- 
bons was  310  feet  of  shale  and  81.0  feet  of  limestone — total,  391.6 
feet — on  the  Tonawanda-<;)lcott  and  the  Lasalle-Lewiston  rout<*s. 

The  least  amount  drilUnl  without  n^setting  the  carbons  occurred  at 
hole  No.  3,  on  the  Chami)lain  route,  where  one  bit  drilled  but  15.4 
feet,  another  bit  drilling  in  the  same  hole  15.0  feet. 
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Table  No.  3. — Cost  of  diamond  drill  borings,  repairs,  etr, 
LASALLE-LEWI8TON  AND  TONAWANDA-OLCOTT  ROUTES. 


Item. 


Rental 

Carbon , 

Labor 

Teamster 

Teaminir  (extra) 

Superintendence . . . 

Repairs 

Coal 

Lumber 

Core  boxes 

Freight  and  express 
Traveling  expense. . . 
Sundries , 

Total 


Total  cost. ^^f®*" 


«75.81 
875.64 
200.00 
112.  S5 
61S.60 
66  66 
63.38 
67.49 
24.60 
66.40 
67.06 
44.06 


4,004.96 


$0,769 
.423 
.542 
.124 
.077 
.321 
.042 
.069 
.090 
.015 
.042 
.042 
.088 


2  494 


Total  number  feet  drilled,  1,597.3. 

Item  "Repairs"  consisted  of: 

10  blank  core  bits,  at  $1.25 $12.50 

1  bevel  core  shell 5.00 

1  straight  core  shell 8.25 

1  split-ring  core  lifter 8.15 

2  Cossette  core  lifters,  at  $8.80 7.60 

1  Reamer  face 2.50 

4  rod  couplings,  at$l 4.00 

1  water  swivel 8.00 

1  casting  for  safety  clamp 8.50 

1  3-inch  drive  shoe 7.00 

85  feet  3-inch  drive  pipe,  at  29  cents 10.15 

Total 66.65 

Item  "  Lumber"  consists  of  material  for  shanty  12  by  18  by  7^  feet 
with  flooring,  and  8  to  6  by  6  inch  by  33-foot  pine  timbers  for  derrick. 

Soft  coal  used,  44,735  pounds;  average  price  per  ton,  $2.83. 

Number  of  pounds  of  coal  per  foot  drilled,  28. 

In  addition  to  above  items  of  cost  there  were,  at  close  of  work, 
freight  charges  amounting  to  $113.40,  and  $63.12  traveling  expenses 
for  return  of  outfit  and  men.  Dividing  this  equally  per  foot  drilled 
on  whole  work,  the  cost  of  work  on  above  lines  is  increased  $0,072  per 
foot,  making  total  cost  per  foot  $2,566. 

While  engaged  on  these  lines  the  Sullivan  Company  replaced  the 
following  ''worn"  parts:  Sixteen  feet  steam  hose,  4  pump  valves,  1 
brass  lining  for  pump  cylinder. 
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Table  No.  4. — Cost  of  diamond  drill  Imrings,  repairs,  eir. 
OSWEGO-MOHAWK  ROUTE,  WESTERN  DIVISIOX. 


Item. 


Rentel 

Carbon , 

Lalxir 

TeamMter    

Teaming  (extra) 

Saperintendence 

RepairH 

Coal  ...  

Core  lx»xeH , 

Freight  and  expreas. 
Traveling  expenses  . 
HundrieH 


Total  . 


Total  cost. 

Cost  per 
foot. 

SfiOl).(K) 

$1,150 

?2.« 

.139 

59(1. 0() 

1.01ft 

18U.0O 

.345 

9-2.50 

.177 

250.00 

.479 

52.50 

.101 

JW.25 

.066 

5.10 

.010 

74.  (K) 

.14;^ 

30.37 

.OIW 

2S.31 



.064 

1,949.90  I  3.rj8 


Total  number  feet  drilled,  521. G. 
''Repairs"  on  above  line  consisted  of — 

Sblank  core  bits,  at  $1.25 $jj.75 

2  3-inch  drive  shoes,  at  $7 14.00 

19  feet  3-inch  drivepipe,  at  29  cents.  5.51 

1  straight  core  shell 3.25 

1  cosette  core  lifter 3.80 

2  3-inch  chopping  bits,  at  $5.75 11.50 

1  donbleedge  chopping  bit 6.25 

Irodconpling            1.00 

8  feet  2-inch  casing,  at  43  cents 3.44 


Total 52.50 

Soft  coal  was  used,  22,430  pounds;  average  price  per  ton,  ^3.055. 

Number  of  pounds  of  coal  per  foot  drilled,  43. 

Adding  $0,072  per  foot  for  return  of  outfit  and  men  at  (completion 
of  work  gives  total  cost  i)er  foot  drilled  l?3.810. 

While  engaged  on  this  line  the  Sullivan  company  replaced  the  fol- 
lowing "worn ''  parts:  One  brass  lining  for  pump  cylinder,  1  piston  rod 
for  i)ump,  6  lire  grates  for  boiler,  1  copper  strainer  for  suction  liose, 
IGJ  feet  water  hose,  12  feet  steam  hose. 

Table  No.  5. — Cost  of  diamond-drill  horinys,  repairs^  etc, 
CHAMPLAIN  ROUTE,  NORTHERN  DIVISION. 


Rental 

Carl>on 

TeaniHter 

Teaming  (extra) 

Labor    

Superintendence 

RepairH 

Coal  and  w<x)d 

Core  lK)xeH 

Freiiirht  and  express  - 
Travel! UK  expenses. . 
Sundries 


Item. 


ToiAl  cxmt.  ^f^^ 


$:^6.45 

$1,099 

1«7.«7 

.490 

1120.00 

.308 

tt5.25 

.190 

351.17 

l.(J04 

187.50 

.547 

24.65 

.072 

25.17 

.ora 

am 

.020 

77. :» 

.235 

tW.78 

.2tH 

1H.57 

.057 

Totel 1,49«.31 


i.',m 
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Total  number  of  feet  drilled,  342.5. 

"  Repaii's  "  on  above  line  consisted  of — 

9  blank  core  bits,  at  $1.25 $11.25 

1  casting  for  safety  clamp 3.50 

2  casing  bits,  at  $3 6.00 

1  rod  coupling  and  1  foot  rod 2.90 

1  sand  pump 1.50 

1  i-gallon  oil  can 50 

Total 24.65 

Soft  <*oal  was  used,  2,390  pounds;  average  price  per  ton,  14.75. 
Six  cords  liard  wood  used;  average  price  x>er  cord,  $3.25. 
Adding  $0,072  i^er  foot  for  return  of  outfit  and  men  at  completion 
of  work  gives  total  cost  i>er  foot  drilled  $4,438. 

Tablk  No.  Q.—Cost  of  diamoHd-drill  borings  compared  with  jtrobabie  cost  had 
work  been  doru^  by  contra<^t. 


Item. 

Total  cost. 

Cost  per 
foot. 

Probable  cost  by 
contract. 

Total.     1  Per  foot. 

Rental 

$2.^)6.45 

015.91 

154.10 

1.756.81 

605.00 

270.00 

950.10 

122.80 

57.49 

a6.50 

331.70 

229.25 

81.64 

$0,896 
.373 
.062 
.714 
.246 
.109 
.390 
.060 
.028 
.014 
.135 
.093 
.083 

Carbon                   

Repairs 

Jjahor                

Teamster 

1605.00 
270.00 
950.10 

$0,246 
.109 

Tearning  (extra) ...r,r,      -. .-  -  - 

Sui>erintendonco 

.390 

Coal  and  wood          

Lumber 

Core  boxes 

36.50 
261.70 

229.26 

.014 

Freight  and  express 

.106 

Traveling  expenses 

.093 

Sundries                                      

883.8  feetrock.at  S3.25a 

1,247.35 
4,674.60 

1     62.406 

2,077.«  feet  rock,  at  $2.25    .        .                

^7717775 

Total   ..           

3.137 

8,274.50           3.364 

a  In  the  above  eHtlwate  it  is  assumed  that  130  feet  of  the  sandHtone  on  the  Tonawanda-Oloott 
and  the  Lasalle-Lewiston  routes,  also  all  the  rock  on  the  Lake  Champlain  route  is  harder  than 
^'Niagara  limestone.**  It  is  possible  that  some  of  the  sandstone  on  the  Oswego-Mohawk  route 
would  also  have  l>een  classed  oa  harder  than  *'  Niai^ara  limestone,'*  but  it  is  not  so  tre.ated  In  the 
above  estimate. 

6  Average. 

If  tll«^  <'»o.!»  foet  of  rock  i-eamed  in  holt»s  Nos.  3  and  7,  Tonawanda- 
Olcott  mute,  and  the  57.7  feet  of  extra  drift  drilled  in  holes  Nos.  2 
and  (>,  Oswego-Mohawk  route,  be  counted,  then  the  total  number  of 
feet  drilled  is  2,580  feet,  and  the  cost  per  foot  $2.1)14. 

The  *' probable  cost  by  contract"  is  based  on  a  proposition  made 
by  the  Sullivan  Machinery  Company  in  February,  1808,  in  which  they 
oflferf^l  to  drill  all  rock  not  harder  than  Niagara  limestone  for  $2.25 
per  foot,  but  on  all  harder  grades  of  rock  (than  Niagara  limestone)  a 
price  of  83. 25  to  be  (charged.  In  addition,  the  Board  to  furnish  water 
for  the  boiler  and  pump,  pay  for  moving  outfit  from  place  to  place, 
except  freight  charges  to  and  from  place  of  beginning  work,  and  the 
cost  of  superintenden(»e  would  also  have  to  be  allowed  by  the  Board. 
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The  freight  charges,    approximately,  on    outfit  from   Chicago  to 
Tonawaiida  aiid  return  are  deducted  in  determining  *'j)robable  cost* 
by  contract." 

Respectfully  submitted. 

K.  C.  Smith, 
Superinfyendent  DiamoiHl  Drill  Borings, 
The  Board  of  Engineers  on  Deep  Waterways. 


Appendix  Xo.  20. 

FBECISE    LEVELS    ALONG    ST.    LAWRENCE    BIVEB    AND    LAKE 

ST.  CLAIB. 

Detroit,  Mich.,  November  SO,  1899, 

Gentlemen:  I  have  the  honor  to  submjt  the  following  final  report 
on  precise  level  work  ah)ng  St.  Lawrence  River  from  St.  Regis  to  Tib- 
betts  Point,  N.  Y.,  and  along  Lake  St.  Clair  from  (Trossepoint  to  Xew 
Baltimore,  Mich.,  performed  ])y  me  between  July  11,  1898,  and  July 
6,  1800. 

The  St.  Lawrence  River  levels  were  paid  for  by  the  United  States 
Board  of  Engineers  on  Deep  Waterways,  and  the  Lake  St.  Clair 
levels  were  carried  out  under  the  United  States  Lake  Survey  in  con- 
nection with  a  special  project  for  the  investigation  of  lake  levels. 

The  instrument  outfit  was  furnished  by  the  Lake  Survey,  and  (con- 
sisted of  a  new  precise  level  purchased  expressly  for  this  work  and 
Lake  Survey  level  rods  1  and  5,  which  were  slightly  altered  and 
adapted  to  steel- pin  turning  i)oints  instead  of  the  old  style  footplates 
formerly  used. 

In  accordance*  with  orders  from  the  United  States  Board  of  Engi- 
neers on  Deep  Wat(»rways  I  was  directed  to  establish  18  water  gauges 
at  assigned  points  on  St.  Lawrence  River,  and  after  observing  water 
levels  for  a  period  of  ten  days  by  gauge  readings  taken  every  ten 
minut^^^s  between  G  a.  m.  and  (>  p.  m.  These  gauges  were  to  be  con- 
nected by  a  duplicate  line  of  pre<*ise  levels.  Perjnanent  bench  marks 
were  to  be  established  at  least  3  miles  apart  and  in  all  towns  or 
settlements  along  the  line. 

In  accordance  with  orders  from  the  oftic<»r  in  charge  of  the  United 
States  Lake  Survey  the  duplicate  precise  level  lines  Gibraltar-Grosse- 
pointand  New  Baltimore-Fort  Gratiot,  Mich.,  run  by  Mr.  O.  AY.  Fer- 
guson for  the  Ignited  States  Board  of  Engineei^s  in  1898,  wore  to  be 
connected  by  a  duplicate  i)recise  level  line  along  Lake  St.  Clair  from 
Grossepoint  to  Xew  Baltimore. 

Between  July  13  ami  16,  1808,  the  party  was  organized,  at  Ogdens- 
burg,  X.  Y.,  gauge  boards  were  graduated,  and  x)reparations  for  plac- 
ing all  permanent  bench  marks  were  completed. 
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From  July  LS  to  2:5,  1808,  01  pernmnont  boncli  marks  were  placed 
and  described  and  the  IS  water  gauges  were  established. 

During  the  i)eriod  from  July  2o  to  August  8,  181^8,  the  18  water 
gauges  were  twice  referenced  to  temporary  bench  marks,  and  gauge 
readings  were  taken  at  ten-minutt^  intervals  for  the  ten  days  from  July 
27  to  August  ^). 

On  August  0,  1898,  the  instrumental  constants  were  determined  on 
a  carefully  measured  KM)  m.  base  line  in  Ogdensburg,  N.  Y.,  and  on 
the  following  day  the  party  proceeded  to  Ilogansburg  to  commence 
leveling  operations. 

Leveling  was  continuously  carried  on  from  August  11  to  November 
27, 180!),  betw<M*n  St.  Regis  and  Alexandria  Bay,  New  York;  from  May 
4  to  June  2,  isoo,  Ix^tween  Alexandria  B^y  an<l  Tibbett«  Point,  New 
York  and  from  June  10  to  July  S,  18*J!^  between  Grossepoint  and  New 
Baltimore,  Mich.  The  fi(dd  notes  of  the  St.  Lawrence  River  work  were 
rechecked  and  ccmipiled  between  NovemlH»r  28  and  December  16, 1808, 
and  Ix^tween  June  0  an<l  0, 1800.  The  Lake  St.  Clair  levels  yreve  com- 
piled and  tabulated  by  Mr.  Amos  F.  Kverett  between  July  10  and  28, 
1800. 

The  party  consisted  of  Mr.  Murray  Blanchard,  recorder;  Messrs. 
Amos  F.  Kverett  and  Harry  Wild,  nnlmen,  and  Mr.  Herbert  F.  Briggs, 
umbrellaman,  with  myself  as  observer.  During  the  season  of  1800 
Mr.  A.  IL  Ilorton  was  rodman  in  the  place  of  Mr.  Wild,  and  Mr.  Harry 
Beauvais  was  umbreUaman  on  the  Lake  St.  Clair  work. 

I  take  this  oppoi-tunity  of  expressing  my  sincere  thanks  to  the  mem- 
bers of  my  party  for  the  faithful  and  efficient  services  rendered.  In 
all  this  work  there*  was  not  one  failure  to  close  a  stretch  which  could 
be  attributed  to  a  nnsreading  of  a  rod,  an  error  of  recording,  or  care- 
less rodding.  Kach  man  was  expi^rt  in  pt^rforming  his  duties  and 
knew  and  appreciated  the  relation  of  his  own  work  to  the  work  as  a 
whole.  To  this,  and  especially  to  the  ardent  labors  of  Messrs.  Blanch- 
ard, Kvert^tt,  and  Ilorton,  maybe  largely  attributed  the  rapid  progress 
and  successful  prosecution  of  the  work.  The  high  degree  of  accuracy 
attained  in  this  work  is  due  to  the  extreme  patience,  eternal  vigilance, 
and  <'areful  study  of  the  observtM*  an<l  the  methods  employed. 

As  th(»  orders  were  free  from  all  restrictions  relating  to  methods,  I 
was  free  to  a<'t  in  accordanc'c  with  my  own  views  and  experience,  and 
as  a  result  devised  a  method  of  pr<»cise  leveling  which  is  believed  to  be 
the  best  now  in  use.  This  metho<l,  together  with  a  description  of  the 
instruuK^nts  used  and  some  statistics  of  results  and  cost,  will  be  briefly 
giv<*n  in  th<»  following: 

J.    DKSCKIPTIOX   OF   INSTRUMENTS. 

The  level  used  is  known  as  Butf  &  Berger  precise  level  No.  2768, 
and  is  one  of  six  instruments  built  in  1S07-08,  essentially  after  the 
design  by  Prof.  T.  C'.  Mendenhall,  president  of  the  Worcester  Poly- 
technic Institute. 
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The  entire  instrument  is  made  of  bronze,  except  the  telescope  col- 
lai-s  and  the  vertical  spindle,  which  are  of  liard  steel.  The  telescope 
is  supported  on  four  agate  points  by  a  cradle,  pivoted  at  the  center  of 
the  instrument,  which  latter  is  supported  on  a  very  substantial  tripod 
by  three  leveling  screws.  The  striding  level  is  loosely  held  in  posi- 
tion by  lateral  guides.  Two  small  tubular  levels,  set  at  right  angles 
to  each  other,  serve  for  quick  leveling  of  th^  instrument,  and  the  level 
tube  is  centered  for  each  rod,  reading  by  means  of  the  fine  microme- 
ter, which  acts  on  the  cradle.  The  striding  level  is  chambered  at  one 
end,  thus  making  the  length  of  the  bubble  adjustable.  A  mirror, 
revolving  about  a  horizontal  axis  over  the  center  of  the  level  tube, 
enables  the  observer  to  read  the  bubble  for  both  positions  of  the  level 
tube  without  removing  his  eye  from  the  telescope. 

The  properties  of  this  instrument,  as  received  from  the  maker,  were 
as  follows: 

Focal  length  of  objective mm . .  402 

Diameter  of  objective do 38 

Magnifying  power  of  telescope diameters. .  50 

Ratio  of  telemeter  threads 1:100 

Value  of  level  tu be  per  2  mm.  division seconds. .  5 

Weight  of  inatrnment kilograms..  5.3 

Weight  of  tripod  stand do 7. 6 

During  the  season  of  1898  the  following  objectionable  features 
were  discovered  in  this  instrument: 

The  thread  interval  was  far  too  large  to  permit  of  sharp  focusing  on 
all  three  threads,  thus  making  the  readings  on  the  extreme  threads 
much  less  reliable  than  those  on  the  middle  thread. 

The  coarseness  of  the  level  tube  proved  to  be  a  decided  disadvan- 
tage, as  the  bubble  did  not  indicate  the  true  pointing  of  the  telescope 
only  when  absolutel}^  at  rest,  a  condition  requiring  great  care  and 
considerable  loss  of  time  to  acciuire.  This  circumstance  limited  the 
length  of  sliot  to  about  oO  metei-s,  and  even  under  very  favorable 
weather  conditions  longer  sights  could  be  taken  only  with  the  utmost 
care.  Also,  the  angular  position  of  the  mirror  w^as  not  adjustable, 
thus  causing  a  certain  parallax  of  the  bubble  image,  which,  however, 
was  constant  for  all  readings. 

The  stop  device  for  the  telescope  was  quite  poor  and  did  not  permit 
of  adjusting  the  threads  so  that  these  would  be  horizontal  for  both 
the  normal  and  inverted  positions  of  the  telescope.  The  agate  sup- 
ports of  the  telescope  suggested  some  <langer  of  wearing  the  steel  col- 
lars, and  it  appeared  desirable  to  reverse  this  condition  by  replacing 
the  former  by  soft  brass  points,  thus  throwing  the  wear  on  the  sup- 
l)oiling  points  instead  of  the  collars. 

These  objections  were  all  remedied  by  various  minor  alterations  sug- 
gested by  tile  writer  and  executed  by  Messi*s.  C.  L.  Berger  &  Sons,  by 
Boston,  in  April,  1809.  The  thread  interval  wasnuide  1 :  200,  an  adjusta- 
ble stop  <levice  was  attached  to  the  telescope,  the  inclination  of  the 
H.  Doc.  149 Oa 
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mirror  was  madeadjustable,  and  the  agate  points  were  replaced  by  brass 
IK)ints.  A  new  level  tube  of  2.23  seconds  per  2  mm.  was  imported 
directly  from  Mr.  Adolf  Pessler,  of  Braunschweig,  Germany,  and  is  now 
used  in  place  of  the  5-second  tube.  With  these  alterations,  the  instru- 
ment is  at  this  time  considered  the  finest  precise  level  in  the  world. 

The  rods  used  were  the  old  United  States  lake  survey  rods  1  and 
5,  graduated  into  30-decimeter  divisions,  each  one  of  which  is  again 
divided  into  centimeter  divisions,  consisting  of  a  double  row  of  alter- 
nating black  and  white  centimeter  squares.  These  rods  were  made 
some  twenty  years  ago  by  Kern  &  Co.,  of  Aaran,  Switzerland,  and  in 
consequence  of  much  hard  usage  are  now  in  rather  bad  condition. 

The  centimeter  graduation  is  considered  by  far  too  large  to  permit 
of  estimating  rod  readings  with  an  accuracy  equal  to  the  attainable 
accuracy  of  pointing  with  such  a  fine  instrument,  and  for  this  reason 
the  old  rods  are  considered  entirely  out  of  keeping  with  the  instru- 
ment. To  accomplish  good  results  with  the  old  Kern  rods  requires 
most  extraoi^dinary  and  painstaking  exertion  on  the  part  of  the 
observer.  It  is  a  science  to  estimate  rod  readings  correctly,  and  after 
all  my  past  experience  I  feel  confident  in  saying  that  no  one  has  as 
yet  mastered  this  science  to  the  degree  necessary  to  reduce  the  allow- 
able error  of  estimation  to  an  amount  so  small  that  it  falls  within  the 
error  of  pointing  of  the  instrument.  Yet  this  is  necessary  if  the  rod 
readings  shall  be  as  accurate  a.s  the  instrument  pointings  permit. 

It  is  not  intended  here  to  criticise  the  self-reading  principle  for 
precise-level  rods.  On  the  contrary,  the  advantages  of  self-reading 
rods  over  target  rods  are  so  apparent  as  to  preclude  the  use  of  the 
latter  on  economical  high-grade  work. 

All  the  disadvantages  found  to  exist  in  the  present  style  of  lake-- 
survey  rods  with  centimeter  graduations  have  been  remedied  in  a 
new  pattern  of  self-reading  rod  designed  by  the  writer,  in  which  the 
smallest  division  is  2  mm.,  enabling  the  observer  to  estimate  tenths 
of  a  division,  or  0.2  mm.,  with  50  diameters  magnifying  power  at  a 
distance  of  00  m.  This  is  an  accuracy  quite  equal  to  the  accuracy  of 
I)ointing  with  a  2-second  level  tube. 

The  purchase  of  a  pair  of  rods  built  after  this  new  pattern  has  been 
strongly  urged,  and  would  involve  an  expenditure  of  about  $150. 

The  turning  point  used  on  this  work  consists  of  a  steel  pin  with  an 
enlarged  head  provided  with  a  socket  into  which  the  square-ended  pin 
of  the  rod  fits  loosely.  The  base  of  the  socket  is  hemispherical  and 
always  affords  a  proper  surface*  to  hold  on.  The  socket  prevents  the 
rods  from  sliding  off  and  also  protects  the  surface  held  on,  when  the 
pin  is  being  driven  into  the  ground.  The  body  of  the  pin  is  about  10 
inches  long  and  1  inch  in  diameter,  and  is  quite  similar  to  the  pin 
originated  by  Mr.  O.  W.  Ferguson  some  years  ago.  The  head  diffei'S 
from  Mr.  Ferguson's  design.  This  form  of  turning  point  gave  most 
excellent  satisfaction,  and  made  each  point  held  on  about  as  secure 
as  a  temporary  bench. 
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2.  BENCH  MARKS. 

Permanent  bench  marks  were  nmde  by  cementing  a  one-fourth- 
ineh  brass  ])olt,  4  to  8  inclies  long,  into  bed  rock  or  good  foundation 
masonry  of  substantial  public  buildings.  When  neither  of  these  con- 
ditions could  bo  fulfilled,  a  subterraneous  concrete  base  was  con- 
structed, generally  about  1^  feet  in  diameter  and  about  2^  feet  high, 
with  its  top  H  to  2  feet  below  the  natural  surface.  A  similar  round- 
head(Ml  ])rass  lK)lt  wa.s  set  vei'tically  into  the  center  of  this  base,  allow- 
ing only  the  rounded  head  to  remain  above  the  concrete  surface.  In 
all  (*ases  where  it  was  possible,  the  brass  bolt  was  set  vertically  and 
the  upper  end  was  made  hemispherical.  When  vertical  bolts  could 
not  be  employed,  the  mark  consist(»d  of  a  center  x>uiich  mark  in  the 
end  of  a  square-ended  bolt  cemented  horizontally  into  the  masonry  of 
a  building.  In  all  cases  the  letters  U.  S.  and  the  name  or  numlx^r  of 
the  blanch  were  cut  into  tlie  stone  or  concrete,  so  as  to  prevent  any 
possibility  of  mistaken  identity. 

Temporar}'  bench  marks  consisted  of  G()-penny  wii^e  spikes  driven 
\  ertically  into  solid  and  properly  prepared  roots  of  large  trees.  Large 
bowlders  were  always  used  when  available,  and  the  mark  was  made 
by  working  a  small  hemispherical  knob  into  a  suitable  surface  and 
inclosing  same  by  a  small  square.  The  numbers  of  all  such  benches 
were  cut  into  the  stone  or  tree  with  a  <M)ld  chisel  and  many  of  them 
are  as  good  as  i)ermanent  l)enches. 

.'].      THE   SOURCES   OF   ERROR. 

The  ultimate  aim  in  precise  leveling,  as  the  term  implies,  is  to  jyer- 
form  leveling  which  shall  be  as  free  from  errors  as  is  attainable  by 
the  liighest  hunuin  skill  and  ingenuity  combined  with  the  most  per- 
fect leveling  instruments. 

There  are  many  errors  to  which  the  process  of  leveling  is  sul)ject, 
though  on  ordinary  work  they  receive  little  or  no  attention,  and  tlie 
attainable  accuracy  is  supi)osed  to  depend  entirely  on  the  instrument 
and  its  capability  to  remain  in  adjust m<»nt.  In  reality,  however,  it 
depends  on  the  fineness  of  the  instrument  and  the  ''knowing  how," 
on  the  part  of  the  observer,  to  eliminate  all  errors  from  the  work, 
none  of  which  can  be  completely  eliminated  by  the  most  careful 
adjustment  of  the  most  elaborate  and  delicate  instrument. 

It  is  not  intended  here  to  give  a  treatise  on  the  theory  of  errors, 
but  merely  to  j^oint  out  the  various  sources  of  error  and  tln^  means 
for  their  i>revention,  thus  justifying  the  methods  adopted  for  this 
work. 

The  errors  nuiy  be  divided  according  to  their  causes  into  six  gen- 
eral classes,  viz:  (1)  Those  resulting  from  the  attraction  of  the  sun 
and  moon  and  those  due  to  the  spheroidal  shai)e  of  the  earth;  (2)  level- 
tulx*  errors;    {'-])  telescope  errors;   (4)  errors  produced  by  the  level 
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rods;  (o)  Hlmo.sphori<»  iiiflueii<M»s,  direction  of  line,  and  time  of  day, 
and  (<))  personal  errors. 

1.  The  errors  of  the  first  (*hiss  are  of  a  comparatively  constant 
natnre  and  are  generally  qnite  small,  so  that  they  do  not  demand 
consideration,  except  when  dealing  with  long  lines. 

((/)  "The  distnrbing  inflnence  of  differential  attraction  of  the 
sun  and  moon  on  the  direction  of  gravity  and  its  effect  on  spirit 
leveling"  is  <liscussed  by  Charles  A.  Schott,  assistant,  in  Report  of 
the  Coast  and  Geodetic  Snrvey,  18S7,  page  IDG,  and  does  not  appear 
to  warrant  much  consideration,  though  this  element  nmy  Ik?  largely 
eliminated  by  dividing  the  work  equally  between  the  two  halves  of 
the  day. 

(h)  The  effect  of  the  spheroidal  shape  of  the  earth  on  long  level 
lines  is  expressed  b\^  the  formula  ^  /*=(). 832  A  sin  2  (p,  in  which  A  h 
is  the  correction  in  millimetera  applied  to  elevati<m  al)ove  sea  level  at 
the  terminus  of  a  line  for  which  q)  is  the  mean  latitude  and  ^V  is  the 
area,  in  square  kilometers,  of  the  area  included  l)etween  the  profile 
of  the  level  line  and  sea  level  projected  on  to  the  mid<lle  meridional 
plane.  For  a  line  running  from  south  toward  north  thfs  correction 
would  be  positive  at  the  north  end  of  the  line.  As  will  be  seen,  this 
error  is  zero  for  an  east  and  west  line. 

2.  The  sources  of  error  pertaining  to  the  level  tube  are  as  follows: 
{a)  The  lack  of  parallelism  of  the  level  tube  with  the  vertical  plane 

througli  the  telescope  axis,  which  can  be  avoided  only  by  careful 
adjustment. 

(/;)  Tlie  horizontality  of  the  level  tube,  which  can  be  righted  by 
adjustment  only  to  the  extent  of  making  the  error  small.  The  eiTor 
still  I'emaining,  which  is  very  variable,  can  be  eliminated  in  the  obser- 
vations only  by  Heading  the  level  in  a  direct  and  reversed  position. 

(c)  The  parallax  between  the  images  of  the  bubble  and  the  level- 
tube  graduation,  as  seen  in  the  mirror,  can  be  eliminated  by  adjust- 
ing tin?  inclination  of  the  mirror  and  reading  with  the  eye  always  in 
the  same  position,  or  a  correction  for  resulting  inclinaticm  may  be 
applied. 

{(I)  The  error  of  pointing  or  position  of  the  Inibble  with  refei'ence 
to  the  (*enter  of  its  graduation.  This  may  be  reduced  by  great  care, 
and  it  may  l)e  practically  eliminated  by  a  h^vel  tube  which  is  so  deli- 
cate that  the  ordinar}'  displacements  of,  say,  0.2  divisions  do  not  affect 
the  rod  readings  for  the  ordinary  long  sights. 

3.  The  errors  resulting  from  the  telescope  are  as  follows: 

(a)  Th(»  reticule  errors,  which  should  b(^  made  small  by  careful 
adjustment.  The  horizontal  threads  should  be  horizontal  in  both 
nornuil  and  inverte<l  positions  of  the  telescope,  and  the  center  of  the 
reticule  should  be  mad<*  to  coincide  with  the  rod  inmge  at  a  certain 
distance,  say  '"iO  meters,  for  both  normal  and  inverted  i^ositions  of  the 
telescope?.     This  is  the  thread  adjustment,  commonly,  but  erroneously. 
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called  collimation  adjustment.  The  error  of  horizontality  can  be 
eliminated  by  always  reading  the  threads  on  the  same  side  of  and 
adjacent  to  the  vertical  thread.  Any  thread  error  still  remaining  is 
eliminated  by  normal  and  inverted  telescope  positions. 

(b)  The  mounting  of  the  objective  lens  causes  an  error  in  axial 
inclination  when  the  optic  center  of  the  lens^is  not  on  the  axis  of  the 
telescope,  as  defined  by  the  centers  of  the  telescope  collars.  This 
can  not  be  adjusted,  though  the  error  exists  to  some  degree  in  every 
instrument.  Rod  readings  for  the  normal  and  inverted  positions  of 
the  telescope  will  eliminate  this  error. 

(c)  The  direction  of  motion  of  the  eyepiece  slide  should  be  parallel  to 
the  telescope  axis ;  otherwise  the  line  of  sight  changes  its  inclination  for 
every  position  of  the  slide.  When  there  is  no  lateral  looseness  in  the 
slide,  this  may  be  eliminated  by  readings  in  normal  and  inverted  posi- 
tions of  the  telescope,  when  the  back  and  fore  sights  are  nearly  enough 
equal  so  that  both  readings  can  be  taken  without  refocussing. 

(rf)  Inequality  in  the  telescope  collars  produces  an  axial  inclination 
which  is  of  a  very  complicated  nature  and  which  can  not  be  directly 
determined.  The  method  given  in  text-books  to  detennine  the  col- 
lar correction  is  altogether  worthless,  owing  to  the  unequal  wear  of 
the  parts  and  the  unequal  penetration  of  the  collars  (when  of  differ- 
ent diameters)  into  the  forked  supports  of  the  level  tube  and  the  cra- 
dle. This  inequality  may  be  eliminated  by  strictly  equalizing  the 
"sums  of  back  and  fore  sights  for  everj' stretch ;  otherwise  a  correction 
must  }>e  applied  for  excess  of  foresight. 

4.  The  rod  errors  are  due  to  erroneous  graduation,  changes  in  tem- 
perature, and  estimation  of  rod  readings.  Rods  are  held  so  nearly 
vertical  by  the  aid  of  watch-glass  levels  attached  t<)  them  that  there 
is  no  error  from  lack  of  vertical ity. 

(a)  The  errors  of  graduation  and  temperature  are  corrected  by  com- 
parisons made,  at  the  beginning  and  end  of  each  stretch,  of  the  two 
rods  with  a  carefully  standardize<l  steel  tape  especially  kept  for  this 
purpose.  The  actual  length  of  the  tape  is  found  from  a  tabulation 
of  tape  errors  for  each  degree  of  temperature  within  working  limits 
between  20°  and  i>5°  F.  The  rod  temperatures  are  noted  at  the  begin- 
ning and  end  of  each  stretch  by  thermometers  set  into  the  wood. 
The  mean  length  of  the  four  comparisons  corrected  to  the  mean  tem- 
perature is  then  the  accepted  rod  length  for  the  difference  of  elevation 
between  two  successive  benches. 

(h)  The  error  of  estimation  can  not  be  entirely  eliminated,  and 
varies  in  amount,  depending  on  the  quality  and  fineness  of  the  thread, 
the  length  of  shot,  and  the  expertne^^s  of  the  observer.  The  kind  of 
rod  graduation  is  a  most  important  factor,  and  has  been  discussed 
at  some  length  in  describing  the  instruments.  It  appears  from  prac- 
tice that  the  desired  accuracy  of  estimation,  e(iual  to  the  attainable 
accuracy  of  pointing,  etc.,  can  be  obtained  from  a  rod  graduated 
to  2  mm. 
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5.  Atmospheric  pffecis, — These  are  oeeasioned  by  changes  in  humid- 
ity, density,  and  temperature  of  the  air,  and  to  some  extent  by  the 
direction  of  tlie  sun's  rays  with  respect  to  the  direction  of  the  level 
line.  Hence  the  time  of  day  and  season  of  the  year  are  important 
factors  in  leveling. 

{(i)  Air  vibrations  are  caused  by  the  sun  in  warming  up  the  atmos- 
phere as  the  day  advances,  and  when  the  sun  has  passed  the  zenith 
and  the  air  has  reached  its  maximum  temperature  these  vibrations 
diminish  and  finally  cease,  until  the  air  begins  to  cool  and  the  earth 
radiates  the  heat  imparted  to  it  by  the  sun  during  the  day,  thus  caus- 
ing a  reverse  vibration.  These  vibrations  are  most  severe  when  the 
humidity  is  high  and  the  air  is  clear,  warm,  and  quiet.  They  are 
rapidly  diminished  b}^  light  wind  or  passing  clouds.  The  effect  of 
vibration  must  be  avoided  or  reduced  by  shortening  sights  and  read- 
ing back  and  fore  sights  in  quick  succession  so  as  to  get  both  sets  of 
readings  for  the  same  conditions.  Any  change  in  conditions,  as  of  a 
passing  cloud  or  a  puffy  wind,  will  make  errors  unavoidable. 

(/>)  Direction  of  line,  temiKM^ature,  and  time  of  day  is  liable,  in 
warm  weather,  to  canst*  one  of  the  most  serious  errors  encountered  in 
leveling.  The  most  perplexing  feature  of  this  troublesome  influence 
is  that  it  does  not  make  itself  apparent  until  a  line  has  been  closed, 
because  the  adjustments  of  the  level  do  not  seem  to  be  materially 
affected,  although  the  line  of  sight  is  seriously  altered  and  may  cause 
as  mucli  as  3  mm.  error  in  a  single  shot.  To  prove  the  importance  of 
this  question,  the  writer  made  some  exi)eriments  by  setting  up  the 
instrument  and  placing  the  rods  in  fixed  positions  equidistant  from 
the  instrunuMit,  whi(»h  was  shaded  from  the  sun  by  a  large  umbrella. 
Regubir  sets  of  back  and  fore  sight  readings  were  taken  all  <lay,  and 
the  differenc(*  of  elevation  found  for  different  hours  of  the  day  dimin- 
ished successively  from  0  a.  ni.  until  12  m.,  after  which  time  the  value 
again  increased  and  became  nornuil  about  4.;]l)  p.  m.  The  tempera- 
ture during  th(*  day,  Sunday,  July  2,  1800,  varied  fnmi  ^b""  to  1M)°  F., 
and  the  maximum  error  in  th(^  difference  of  elevation  at  noon  was 
0.0  mm.  for  rods  placed  oh  m.  each  side  of  the  instrument. 

This  showed  that  no  reliable  hovels  could  be  run  between  9  a.  m,  and 
4.30  p.  in.  of  that  day.  It  is  to  be  regretted  that  such  exi>eriments 
could  not  be  extende<l,  but  no  authority  was  obtainable  for  such  work. 
This  w()ul<l  suggest  the  i)ropriety  of  leveling  at  night  when  work  is  to 
be  done  during  the  warm  summer  months. 

{r)  'j'lie  iK'st  season  of  the  year  in  northern  climates  is  certainly 
the  fall,  say  from  S(»ptemlM'rl  to  December  1,  and  early  spring,  March, 
April,  and  ^lay.  No  work  should  be  done  during  other  months  of  the 
year  except  Avith  due  regard  to  the  diffiiuilties  which  will  be  met. 

(*>.  Personal  errors  are  those  resulting  from  erroneous  rod  readings 
or  faulty  recording.  Rodmen  may  also  introduce  errors  by  careless- 
ness. However,  in  all  the  work  done  by  the  writer  there  has  never 
been  one  failure  in  closing  a  line  which  could  be  attributed  to  any  of 
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these  causes,  which  does  not  mean  that  the  members  of  the  party  were 
infallible,  but  that  the  methods  adopted  were  very  nearly  so,  at  least 
to  the  extent  of  eliminating  personal  errors. 

The  various  sources  of  error  having  been  described,  it  may  be  of 
interest  to  outline  the  methods  adopted  by  the  writer  for  their  elimi- 
nation. 

4.    INSTRUMENT   CONSTANTS. 

Th^  instrument,  level  tube,  cross  thr<*a<ls,  and  rods  are  first  care- 
fully adjusted,  and  the  following  constants  of  the  instrument  are  then 
determined  on  an  accurately  measured  loO  m.  base  lint*:  The  value  of 
the  thread  interval,  the  curvature  of  the  level  tube  per  2  mm.  division, 
the  magnifying  power  of  the  t4*lescope,  and  the  axial  inclination  of 
the  telescope  resulting  from  collar  inequality.  The  objective  mount- 
ing, the  c»yepiec(%  and  the  movements  of  the  latter  are  carefully  exam- 
ined. The  distance  A,  from  the  zero  of  graduation  to  the  end  of  the 
rod  or  point  h<'ld  on,  is  accurately  measured  for  each  r(Kl,and  should 
be  made  alike  in  the  two  rods  by  filing,  or,  better,  by  a  facing  machine. 

It  is  not  necessary  here  to  give  the  methods  of  making  these  deter- 
miimtions,  except  the  effect  of  collar  inequality,  which  can  not  be 
correctly  found  by  the  method  commonly  given  in  text-books.  For 
this  reason  the  following  special  method  was  devised  by  the  writer: 
The  instrument  is  set  up  at  the  middle  point,  or  /)()-ineter  point,  of 
th(»  base  lin(%  and  ten  sets  of  back  and  fore  sights  are  taken  on  the 
zero  and  100  m.  points.  This  gives  the  true  difference  of  elevation 
between  the  cud  points  of  tin*  base  with  all  instruiuental  errors  elimi- 
nated. Th(^  instrument  is  then  set  up  at  some  other  i)oint,  say  lo  m. 
from  the  zero  end,  and  ten  sets  of  readings  taken  on  the  end  points  of 
the  base  as  before.  This  gives  a  difference  of  elevation  involving  an 
excess  of  sighfs  of  70  m.  from  which  the  axial  inclination  i)er  meter 
can  he  found.  This  constitutes  what  has  been  called  the  residual 
correction  for  excess  of  sights. 

In  taking  these  readings  each  s(»t  is  made  up  of  four  readings,  one 
pair  of  ba(*k  and  fore  sights  with  telescope  nonual  and  bubble  direct, 
and  on<»  pair  with  telescope  inv(*rtcd  and  bubble  reversed,  thus  elim- 
inating bubble  and  coUinmtion  error  in  (*ach  set.  The  height  of  the 
instrument  is  slightly  altered  between  taking  sets. 

The  movements  of  the  eyepiece  are  tested  in  a  similar  nmnner  by 
occupying  other  ])oints  of  the  base  in  the  way  just  outlin(»d  and  then 
deducing  the  line  representing  the  inclination  of  the  line  of  sight, 
which  should  be  constant  for  all  sets,  otherwise  the  eyei)iece  moves 
irreguhirly,  ami  such  an  instrument  is  practically  wortldess. 

As  will  be  seen,  this  "  residual  (*orn^ction  "  includes  the  axial  inclina- 
tion resulting  from  the  combined  errors  of  the  collars  and  the  parallax 
of  the  mirror,  while  all  errors  of  tli<'  level  tube,  reticule,  eyepiece 
movements,  and  mounting  of  the  objective  lens  are  eliminati^d  in  the 
observations  by  the  reversals  of  telescope  and  level  tube. 
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O.    METHODS. 


All  level  notes  are  recorded  in  ink,  in  notel)ooks  5  by  7^  inches, 
after  a  uniform  system,  and  bench-mark  descriptions  are  entered  in 
regular  order  in  a  separate  notebook  for  that  purpose.  A  final  sum- 
mary of  results,  including  the  computation  of  probable  erroi*8  and  final 
elevations,  is  compiled  in  a  0  by  12  inch  notebook.  The  locations  of 
all  bench  marks,  and  other  useful  information  are  phitted  on  a  map 
of  the  locality.  United  States  Lake  Survey  charts  were  used  for  this 
purpose. 

Each  field  book  contains  a  brief  statement  of  methods,  programme 
of  reading,  definition  of  instrument  positions,  names  of  observer  and 
recorder,  instruments  used,  units  of  measure,  etc.,  on  the  front  page. 
The  notes  following  are  all  entered  according  to  the  system  defined 
on  front  page,  and  the  last  double  page  is  devoted  to  a  summary  of 
the  results,  with  page  index  for  work  recorded  in  the  book. 

The  method  employed  on  this  work  was  such  as  to  eliminate  all 
instrumental  errors  in  the  observations  themselves,  obviating  as  far 
as  possible  all  mathematical  manipulations  in  the  form  of  corrections, 
it  l>eing  considered  that  good  observations  lead  to  the  best  attainable 
results. 

This  was  accomplished  by  the  following  system  of  observing:  With 
the  telescope  normal  and  level  tube  dii'ect,  the  first  reading  was  taken 
on  the  rear  rod.  Then,  without  disturbing  the  instrument,  except  at 
the  micrometer  screw,  the  telescope  was  swung  onto  the  front  roii  and 
reading  taken.  The  level  tube  was  then  removed  and  replaced  in  a 
reversed  position,  meanwhile  inverting  the  telescope.  The  front  rod 
was  then  read  for  the  second  time,  and  likewise  the  rear  rod.  All 
readings  were  taken  with  the  l)ubble  in  the  center,  and  back  and  fore 
sights  were  made  equal  by  the  rod  men  by  counting  paces.  The  sights 
must  be  so  nearly  equal  that  both  rods  can  be  read  without  refocus- 
ing;  otherwise  the  front  rod  must  be  set  correctly  and  the  process 
of  reading  be  commenced  anew. 

By  this  means  all  instrumental  errors  ai'e  absolutely  eliminated, 
when  the  sights  or  sums  of  sights  are  exactly  equal.  When  the  sums 
of  sights,  as  determined  by  the  thread  distances,  are  not  equal,  then 
the  "residual  correction  "  previously  described  must  be  applied  to  the 
excess  of  fore  sight.  This  is  the  only  correction  necessary,  with  excep- 
tion of  the  correction  for  rod  length  and  temperature. 

As  is  readily  understood  from  the  above,  there  is  no  need  of  meas- 
uring the  errors  of  thread  adjustment  and  level  tube  with  this  system 
of  observing,  and  no  attempt  was  made  to  trace  these  errors,  except 
that  they  were  kept  small  by  frequent  adjustment. 

By  careful  inspection  of  the  recorded  readings  the  recorder  can 
always  see  at  a  glance  whether  there  has  been  an  error  of  I'eading  or 
recording;  and  should  any  disparity  exist,  or  any  irregularity  from 
atmospheric  influences  be  noticeable,  the  readings  are  repeated  until 
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a  rational  set  is  obtained.  This  is  the  secret  to  the  success  of  this 
method.  The  only  disturbing  influence  which  can  not  be  detected  in 
the  readings,  even  though  it  may  be  acting,  is  the  warping  of  the  tele- 
scope caused  by  direct  and  radiated  heat  in  warm  weather. 

The  warping  of  the  telescope  is  in  the  same  direction  during  the 
same  half  of  the  day  (the  dii*ection  of  the  line  being  constant);  hence 
lines  run  direct  and  reversed  in  the  same  half  of  the  day  will  reveal 
this  error  when  it  exists,  while  lines  run  direct  in  the  forenoon  and 
reverse  in  the  afternoon  (or  conversely)  may  close  well  and  both  be 
badly  in  error. 

For  this  reason  a  stretch  should  always  be  closed  in  the  same  half 
of  the  day,  and  a  good  closure  will  then  be  guaranteed  against  all  inju- 
rious temperature  effects. 

The  use  of  a  large  sun  umbrella  is  indispensable  as  a  protection 
against  wind,  rain,  and  sunshine,  and  it  rarelj"  ever  happens  that  work 
could  be  done  without  it. 

All  lines  were  run  direct  and  reverse,  using  the  method  above  out- 
lined, and  the  errors  of  closure  of  the  loops  formed  by  each  pair  of 
lines  were  limited  to  the  value  e  =  'iv'-K  for  the  St.  Lawrence  River 
levels,  and  to  e  =  3\/K  for  the  Lake  St.  Clair  levels.  In  these  for- 
mulas e  is  the  error  of  closure  in  millimeters  and  K  is  the  length  of  the 
stretch  in  kilometei*s. 

On  direct  lines  the  back  sights  were  considered  positive  and  the 
fore  siglits  negative,  while  on  revei-se  lines  these  signs  were  revei*sed, 
thus  giving  the  same  sign  to  the  difference  of  elevation,  whether  deter- 
mined from  a  direct  or  reverse  line. 

Whenever  possible  the  rod  was  used  in  reading  on  permanent 
bench  marks.  However,  such  marks  as  were  made  by  bolts,  cemented 
horizontally  into  buildings,  etc.,  did  not  permit  of  this,  and  in  these 
cases  the  readings  were  taken  on  a  metallic  steel  tape  at  shoi*t  range. 
Such  readings  were  always  reduced  to  rod  length  by  direct  compari- 
sons, made  immediately  after  taking  the  readings,  and  the  quantity 
A  (being  the  distance  from  the  zero  of  graduation  to  the  end  of  the 
rod)  was  always  subtracted  from  the  tape  readings  to  reduce  them  to 
equivalent  rod  readings. 

No  rod  corrections  were  made  in  this  work,  because  the  necessary 
comparisons  with  the  standard  meter  are  not  yet  made,  though  it  is 
known  from  past  comparisons  that  the  rod  errors  are  practically  zero. 

It  will  be  seen  that  the  method  here  outlined  eliminates  as  far  as 
possible  all  accidental  and  variable  errors,  leaving  only  the  "  residual 
error"  (a  constant)  to  be  applied  to  any  excess  of  sights  that  may 
remain  when  a  sti-etch  is  (*losed.  The  only  other  corrections  to  these 
differences  of  elevation  are  those  occasioned  by  graduation  errors  and 
temperature  effects  on  the  level  rods. 

The  spheroidal  error  previously  mentioned  is  of  purely  theoretical 
origin  and  need  receive  no  consideration  except  for  long  lines  at  high 
altitudes,  when  the  error  should  be  corrected  in  the  final  results. 
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The  error  of  closure  is  thus  generally  made  up  of  the  error  of  esti- 
mation and  atmospheric  effects.  The  former  component  is  generally 
very  small  with  an  experience<l  observer,  and  would  never  produce 
any  serious  consequences;  but  the  temperature  effects  and  sudden 
changes,  as  from  passing  clouds,  etc.,  make  up  the  large  errors  which 
may  often  necessitate  a  repetition  of  work. 

It  is  needless  to  look  for  errors  of  heaving  or  settlement  of  rods  or 
instrument  when  only  ordinary  care  is  exercised  and  the  pins  pre- 
viously described  are  employed.  These  errors,  if  they  exist,  are  far 
too  small  to  be  detected,  even  with  the  most  sensitive  instrument, 
unless  when  working  on  frozen  ground,  which  is  alw;ays  a  doubtful 
operation. 

The  atmospheric  effects  are  eliminated  from  the  work  by  closing 
each  stretch  in  the  same  half  of  the  day  and  dividing  the  work  equally 
l)etween  forenoons  and  afternoons. 

A  sample  of  the  system  of  note  keeping  may  be  valuable  and  is 
given  below.  All  rod  readings  are  in  decimeters,  likewise  all  other 
dimensions  except  where  other,  units  are  indicated.  The  observed 
rod  readings  always  occupy  the  first  two  lines  and  the  means  are 
written  on  the  third  line  for  each  sight.  Otherwise  the  notes  are  self- 
explanatory.  A  sample  of  summary  of  results  for  index  page  of 
notebooks  is  also  given. 

It  appears  from  these  notes,  the  manner  in  which  they  are  recorded, 
and  the  system  of  observing  previously  described,  that  there  is  scai^cely 
any  possibility  of  an  error,  due  to  misreading  or  erroneous  recording, 
creeping  into  the  work.  In  fact,  no  such  errors,  even  though  they 
were  occasionally  nmde,  ever  escaped  detection,  and  hence  the  per- 
sonal erroi*s  fall  into  insignificance  when  this  method  is  employed. 

Direct  line  temporary  lyench  mnrk  170  to  permanent  bench  mark  A,,  Clayton^ 

May  17,  lS!j!t, 

BACKSIGHTS. 


Point. 

Rod 
No. 

Thread  reading.^.      i 

Meau. 

(l>         <2)         (:j.     ' 

Thread 

di.^- 
tance. 

Tem- 
ture. 

Kemarks. 

T. 

B.  M.  ITti 

5 

f /(•//!.        (IriiK        (Inn. 
U.178     l:».:i28  1  i:j.:i7U 

firm. 

itcui. 

"^.', 

T 

Mean 

P.  1    

1 

11.177     l:.».2i')  1  V.\.Tih 

ir».  W)    ir..4(»4  i  17.  :JSH 
15.434     l»i.+(e  1  17.:») 

12. 2:*t) 

^.OJls 

15  5 

S.:jO  a.  m.,    clear,    light 
wind,  air  vibrating. 

Mtjun 

1.>4:J2  :  UJ.4IW  1  17. *9  I  10.408 

i.ic: 

o 

5 

l().(r,'«i  i  11.044)  1  lL».n;>s 
i(».(cit>  i  11.(40  1  viAm 

3. 

Mean 

KMGii     11.  (MO 
W.m     15.1IKS 

n.rm    i."i. no 

1:-V(».V< 

15.  708 
15. 710 

11. (Ml 

2.(oa 

F.  S.»— 66.802 
B.  S.- +54. 784 

Mtjan 

Total 

14. 50b     15.1(19 

^.m 

15. 109 
54.781 

1.301 

-2.148 

Res.  Cop.--O.000i 

D S.l48i 

, 
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Direct  line  femj)orxiry  lJt:nch  mark  170  to  permanent  bench  miirk  A.^  Clayton^ 

May  17,  7.<?.or>— Continued. 


FORE-SIGHT. 


Point. 


i    „        '      Thread  rea<ling8. 
Rod    ' _    . 

j     ^'''     I      (1»  (2.  .3. 


Threiul    Teni- 

Mean.  ;    din-       i)«ra- 

•  tance.     ture. 


Remarks. 


T.P.I 

1 
5 

1 

Steel 
tape 

(Icm . 
10. 52r) 
10.5W 

tInn.       tlcni. 
11.574     12.ni0 
11.5m     12.«0b 

dnn. 

Mean 

10.518 

11.5tM»     12.608 

n.rm 

2 

15. 152 
15.154 

Itt.lU  1  17.128 
l«.140l  17.126 

Mean 

3 

15. 153 

227lis«r 
22.1tV4 

-a.  Iti5 
5.1KJ8 

lrt.142  1  17.136 

Zi.lU  J  21.210 
2H.  Ur>     24. 210 

3:M93     24.210 
0.524       7.110 

IH.  140 

Mean 

P.B.M.A..Clay- 
ton,  N.  Y. 

2:^.189 

Mean 

Total 

5.987 

0.r»24       7.110 

ad.0»8 
5tf .  WJ2 

1 i 

ticin. 


2.0»0 


I.ICJ 


2.  (►45 


1.17:J 
7.:>ir 


'>C. 


I 


Thread  di«t.: 
F.  S.=  7.281 
B.  S.=_7ji« 
T.D.-14.5tJ« 

Ex.  F.  S.=-0.14m. 


Tape 
6.^ 


rod. 
a24-«.524 
A=0.4*lti 

ti.  r«8 


I 
16.0  I  »  a.  m.,  P.  B.  M.  A.  on 
C  'atholic  Church,  (  lay- 
'      ton,  N.  Y. 


a  Mean  of  st«el  tape  (0.524)  reduced  to  rod  measurement. 


Reverse  line  temjMrary  bench  mark  17*1  to  jH>nnanfnt  bench  mark  A.,  Clayton. 

BACK-SIGHTS. 


Point. 

Rod 
No. 

1      Tlirea^l  reati 

(1.           (2» 

ings. 

(3> 

Mean. 

Thread 
!     din-    , 
•  tance. 

Tem- 
l)era- 
ture. 

,               RemarkH. 

P.  B.  M.  A.Xlay- 
ton. 

Steel 
taxK) 

drin.       r/cw. 
5.22l»       o.blO 

5.216       5.810 

(Jcin . 
6. 410 

6.  40(i 

dent. 

dcm. 

"C*. 

Mean 

5.216  i    5.810 

6.408 

«5.;J26 

1.190 

Jm. 

9  a.  m..  clear,  light  wind 
air  vibrating. 

T.P.I 

1 

^aio  \~2:.l'^)  '21.2:jo 
22.  :no  1  2:j.  2X2    24.2:10 

Mean 

•> 

5 

!  22.  :nu  1  23.2H1  1  24.2:J0 

l5. T24  ,  1  •'»  ^••'»'>     16.77ir 
15. 122  1  15.  im     16. 774 

2:3.274 

'     1.920 

I 

Tui)e  »rod. 

5.812 

A=(».4Hi 

5.:t» 

Mean 

,  15. 12:  J  1  ViAm  1  16.775 

15.  WO 

1.652 

a --- 

1 

■n.^sr  12.  in4Yi:rr«fcF 

i  11.;JS6     12.  IW  1  13.0(12 

■                1 

Mc'uii 

4 

5 

:  ll.JWi  1  12.11C,  i  13.002 

T2T570"  ["rumT :  "i:{.  450" 

12.572  1  13.  (US     13.450 

12.  IW 

1.616  ' 

F.  S.^-<i7.509 
B.  S.  =  -f-»2>.75:} 

—2. 154 

Moan 

12.571  _  13.0OII     13.450 

i            ' 

13.010 

0. 870 

Res.  cor.=  -o.OO('l 

!                    R.— .2.1541 

Total 



1 

60.  7.VI 

7.2;-)7  : 

Closing  error-=o.»iO  mm. 

(I  Mean  of  steel  tajie  (,5.812 •  reduced  to  rotl  measurement. 
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Heverse  line  temporary  Itench  mark  176  to  permanent  bench  mark  A,,  Clayton — 

Continued. 

FORE45IGHT. 


Point. 

P.  1 

Mean 

Rod 
No. 

1 

Thread  readings. 

Mean. 

Thread 

dis- 
tance. 

drm . 
1.194 

1.935 

Tem- 
pera- 
ture. 

Remarks. 

(1)     1     (2)     t     (3) 

T. 

dnn. 
IS.MEi 
13.802 

dent. 
14.400 
14.440 

dcm. 
14.996 
14.906 

dcm. 
14.399 

11.3:« 

Thread  diet.: 
F.  S.-  7.263 
B.  8.-  7.257 
T.D.-.14.519 

KX.F.  S.«+0.10m. 
9.30  a.  m. 

13.802     14.400  1  14.096 

5 

? 

10.366  1  11.334  1  12.302 
10.370!  11.336  I  12.304 

Mean 

10.368  !  11.3;i5  1  12.308 

1 

8 

14.7110  i  15.500  1  16.390 
14.788     15  588  1  16.388 

14.780  1  15.589  1  16.389 

Mean. 

15.589       1.600 

13.497       1.663 

12.779       0.871 
67.699       7.262 

5 

4 

12.664     13.498     14.336 
Ujm     13.500     14.:)28 

12.605  1  13  499  1  14  327 

Mean 

B.  M.  176 

Mf'aTi 

1 

12.:J46 
12.:i44 

. 

16.2 

T. 

12.778 
12.776 

13.218 
13.214 

12.345 

13.777 

13.216 

Total 

Note.— The  ratio  of  the  telemeter  threads  is  1:  200  and  the  length  of  the  bubble  70  mm. 
readings  are  taken  with  the  bubble  in  the  center  on  rods  graduated  to  centimeters. 
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B.  M. 


To— 


I  Num- 

'  berof     Mean 

,     set-    ,  thread 

tings.  I    dis- 

'.  tance. 

From— .  D.  ;  R.  j 


T. 127  j 
138 
129 
i:*) 

P.  :u 


T.136 

9 

9 

127 

6 

i 

128 

8 

8 

129 

11 

11 

130 

i 

7 

dcm. 
52.784 
37.346 
53.083 
70.256 
:J2. 356 


Mean 
length 
stretch. 


1,066.5 

754.7 

1,071.3 

1.418.3 

655. 5 


Excess  F.  S. 

D. 

R. 

in. 

m. 

+0.18 

+0.46 

-f0.(r2 

+0.20 

+0.06 

-0.26 

+0.02 

+  1.90 

+0.24 

-0.02 

Observed  diflference    Corrected  diflfer- 
of  elevation.  ence  of  elevation. 


D. 


mm. 

2  547  2 

-"'548!  3 
+4,3S«7.3 

-2.  aw.  7 

+1.661.8  : 


mm.  mm.  mm. 

-2.547.1    -2,547.19    -2,547.13 


R. 


-  547.3 
+4,:»7.3 
-2,258.9 
+1.663.8 


548.30  i-  547.31 
+4,397.30  '+4.397.33 
-2,268.70  -2.250.02 
+1.661.82  1+1,663.80 


B 

M. 

Ac- 

Al- 

tual. 

low 

To- 

From — 

mm. 

mm. 

L\  127 

T.  I'M 

0.06 

3.08 

12< 

127 

0.99 

2.59 

J29 

128 

0.f»2 

3.08 

VM) 

125) 

0.32 

a.rxi 

?.  :u 

i:^) 

l.l^H 

2.42 

Direc-     No. 
tion  of      of 
line.      run. 


Time  of  day. 

M.  Temp. 

Page. 

Dlr 
From— 

ect.                  Reverse. 
To—     From—  ■    Tr*~ 

T>. 

H. 

D.     R. 

H,  U  A. 
T.imp. 
3HIR 

7.  r>  A*    4. 45  A. 

7.4,1  P.      4.:iiJA. 
fijiffP,     ri,il0P. 
T.UA.     5AilA. 
rili^P.     6,15  P. 

6. 13  A. 
5.311  A. 
6. 30  P. 
8JI)A. 
7.i:iR 

ml 

23.3 

axo 

33.3 

IT.S 
18.B 
gl.T 
SO.0 
£1.1 

30  i    29 
:«  i    34 
36  .    37 
:i8  !    40 
42  .    43 

Note.- The  final  correction  applied  to  all  differences  of  elevation  is  +0.063  millimeter  per 
meter oxee^*s  o*"  foresights  for  a  positive  difference  of  elevation. 

On  reverse  linrs  the  difference  of  elevation  is  increased  for  a  negative  excess  6t  foresights, 
takinjr  account,  in  each  case,  of  the  .sign  of  the  difference  of  elevation  as  given  for  the  direct  line. 

T  ^  temporary  l)»?n<h  mark;  P  ^  permanent  l)ench  mark  and  afternoon;  A  =»  forenoon:  D  = 
direct  line,  and  R  =»  reverse  line. 

The  temperature  is  recorded  in  degrees  centij^rade. 

The  allowable  error  e  =  3\/K,  where  K  is  the  length  of  the  single  stretch  in  kilometers. 
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0.    STATISTICS   OF    WORK. 

The  instrument  constants  were  determined  whenever  the  instru- 
ment underwent  any  changes  or  alterations,  and  the  constants  used 
for  the  various  periods  are  given  in  the  following  tabh*: 


St.  Lawrence  levels. 


Lake  St.  Clair, 

Aug.  ll-Nov..  Mayl-.Iane4.  '^"°®iti"^^  ^ 


Majrniiymtj  power  of  telescope,  in  diameters 

Focal  leiit^th  ot  objective millimeters.. 

Diameter  of  objective do 

Ratio  of  telemeter  threads 

Curvature  of  level  tube.  In  seconds,  per  2  milli- 
meters  

Inetiuality  in  collars  by  ordinary  method,  milli- 
meters per  meter  

Residual  error,  millimeter  per  meter,  excess  of 
feet-seconds 

Weight  of  instrument kilograms. . 

Weight  of  stand do 

Smallest  graduation  on  rods millimeters. . 

A  of  rods  1  and  5 decameters.. 


1»98. 


1:W.532 

5.21 

+0.(KS15 

+0.(JC35 

5.3 

7.6 

10 

i).4m 


181«. 


1809. 


50 

38 
1:200 

5.00 

+0.0276 

+0.0630 

5.3 

7.6 

10 

0.4^ 


50 

iOS 

38 

1:200 

2.23 


+0.( 


5.3 

7.6 

10 

0.486 


Tlie  following  table  gives  the  statistics  of  all  W7)rk  done: 


Items. 


St.  Law-  I 
rence  ! 
River. 


Length  of  main  lino kilometers.. 

Number  of  stretches  on  mainline 

Number  of  8tret<'hes  on  main  line  and  side  lines 

Average  length  of  stretch  on  main  lines meters.. 

Number  of  inHtrument  settings,  entire  work 

Average  length  of  shot  on  mum  line meters.. 

Length  on  main  line  run  two  times kilometers.. 

Length  on  main  line  run  three  times do 

Length  on  main  line  runfour  times do  ... 

Length  on  main  line  run  five  times do 

Lengthen  side  lines  run  two  times do 

Length  on  side  line.s  run  fourtimes do 

Length  on  gauge  lines  run  two  times do 

Total  single  line  run do 

Number  of  permanent  bench  marks 

Number  of  temporary  bench  marks 

Probable  error  at  end  of  main  line millimeters . . 

Prol>able  error  per  kilometer  on  main  line do 

Prol>able  error  per  kilometer  f < )r  the  last  88  kilometers do 

Actual  closure  at  end  of  mainline do 

Residuals  pa.s.sed  through  zero times 

Maximum  value  of  rcHiduals  from  mean millimeters 

Average  num>>erof  mstrument  settings  i)er  kilometer 


197. 171 

242 

285 

815.7 

4.430 

49.0 

182.860 

9.7W 

3.825 

0.687 

3.715 

0.290 

5.  .559 

433.552 

61 

221 

+.8.(J6 

±0.57 

±0.48 

^1.07 

14 

r  14.72 

KJ.U 


T^ke  St. 
Clair. 


4:}.  62 
43 
45 

1.014.4 

973 

50.4 

34.791 

8.829 


0.990 


98.050 

8 

38 

±3.2 

±0.48 

t  AO.ja 

-2.04 


*:5.44 

0.0 


t  41  kilometers. 


i)u  the  St.  Lawrence  Kiver  levels  (>.»{  p<T  cent  of  the  lines  run  did 
not  close  on  the  first  pair,  and  during  the  last  118  stretches  or  SS.4 
kiloniet(*rs  <'very  line  closed  on  the  fii*st  pair,  thougli  one  <)()0-ineter 
stret(?h  Avas  run  a  third  time  because  the  lii*st  pair  closed  nearly  at 
the  limit  and  had  been  run  during  very  severe  wind,  com])ined  Avith 
extreme*  radiation  and  strong  sunlight.  This  record  has  never  becm 
eqiialf'd  or  even  approached  ])y  any  other  (Observer. 

The  Lake  St.  Clair  levels  Avere  run  during  the  month  of  June,  1809, 
and,  as  has  been  previously  mentioned,  the  extremely  Avarm  AV(»ather 
prcA'ailing  at  the  time  caused  much  troubh',  and  until  the  real  cause 
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could  he  ascertained  a  niiinlx»r  of  stretches  liad  to  ])e  rerun.  Thus 
8  stretches  out  of  45  were  run  a  third  time,  making  17.7  per  cent 
which  did  not  close*  on  the  first  bout.  No  stretch  was  run  four  times 
because  the  erroneous  line  of  theiii'st  pair  could  always  be  spotted  by 
reviewing  the  remarks  rcdating  to  weather  and  time  of  day.  The  first 
three  stretches  of  this  line  were  run  during  the  warm  part  of  the  day 
and  their  closures,  while  decidedly  ^^ithin  the  limits,  are  not  on  a  par 
with  the  remaining  work.  Hence  the  probable  error  of  the  40  stretches 
or  41  kilomet(»rs  was  separately  computed  and  found  to  be  ±().'3;3  as 
against  ±0.48  for  the  4^}  stretches.  This  is  the  highest  accuracy  ever 
attained  on  precise  levels,  and  it  was  dime  during  the  woi-st  season  of 
the  year. 

The  following  table  shows  the  nmgnitude  of  the  closures  for  all 
accepted  work : 


CloMiiijf  «.»rrors  (min.^. 


Numlx*r  of 
istretchos. 


St.  Law- 
rence 
RivtT. 


Lake  St. 
riair. 


( 'losiuff  errors  ( mm.  K 


Number  of 
I         .stretches 


0    to«».r» ST) 

O.uto  1.0 54 

LOtol.5 4.'. 

l.r)to:i.<» ;w  , 

I  I 


i:|  2.(»to-'.5 ■  Mi 

1-2  -».r>toa.<) IK 

:j  H.otoiia i: 

7  4.c»tu4.5 2 


The  rapidity  of  tho  work  is  r(»i)res(»nted  in  the  following  table: 


Item.s. 


St  I^w- 
rence 
River. 


Lake  St. 
Clair. 


Total  number  of  days  in  the  field 

Number  of  Sundays 

NumlxT  of  days  lost  bjr  rain,  etc 

Number  of  days  on  which  work  was  d«  »ne 

Number  of  hours  actually  worked 

Number  of  kilometers  of  single  line  run 

Number  of  kilometers  single  line  i)er  day  in  Meld 

Num>K?r  of  kilometers  single  line  per  day  worke<l  — 
Numl>»*r  of  kilomet^^rs  single  lino  per  hour  worked  .. 
Average  time  <'onsumed  per  setting,  in  minute.** 


1.15  I 


Ifk'i.  5 
74«l 
433. V> 
3.21 
4.11 
0.  .V 
10. 10 


0 

98.05 
3.63 
4.46 
0.62 
9.81 


AVliilc  thr  n^cords  show  an  av(»rage  of  about  sev(Mi  hours  worked 
per  day,  this  applies  only  to  the  actual  held  operations,  though  in 
regality  thi-oe  or  four  hours  of  checking  is  required  each  day  to  keep 
tho  notes  computed  and  checked.  This  wcu'k  is  gen<M-ally  done  over 
the  noon  hours  an<l  in  th(»  evening,  so  that  the  av<'rage  working  day 
is  fi-om  ten  to  twelve  hours  long. 
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7.    COST  OF  WORK. 

The  cost  of  St.  Lawrence  River  work  was  as  follows: 

Establishing  1 8  water  gauges,  distributed  over  120  miles $181. 30 

Reading  18  water  gauges  at  ten-minute  intervals  for  ten  days,  and  super- 
intendence    438. 84 

Materials  (cement  and  brass  bolts)  for  61  permanent  bench  marks 23. 79 

Placing  6 1  permanent  bench  marks,  covering  1 20  miles 2ol .  40 

Cost  of  leveling  433.55  kilometers,  single  precise  level  line 2, 354. 80 

Final  reduction  of  notes  and  compilation  of  results 360. 22 

Traveling  exi^enses  for  party  to  and  from  field  , .  183. 71 

Total 3,744.08 

Sixty-five  dollars  of  the  amount  charged  to  reduction  of  notes  was 
paid  by  the  United  States  Lake  Survey,  the  remainder,  *3,G79.0<i  was 
pai<l  by  the  United  States  Board  of  En.i^ineei*s  on  Deep  Waterways. 
The  cost  of  the  Lake  St.  Clair  level  was  as  follows: 

Cost  of  leveling  08.05  kilometers,  single  precise  level  line  and  placing 

benches §451. 85 

Final  reduction  of  notes  and  compilation  of  results 82. 00 

Traveling  expenses  for  party 13. 10 

Total ^    546.95 

Paid  by  the  I'niled  States  Lake  Survey. 
This  gives  the  following  unit  prices: 


St.  Law-  I 


Lake 


Items.  reiice      i  c^  ,.i_._ 

I  River.     I  ^^-  ^  ^"*'^- 

ElHtabli.shiuent  of  permanent  l>eDch  marks '  $4.51  • 

Cost  of  leveling  1  Kilometer,  sinj^le  line 5.4^^  i  j^.al 

Cost  of  leveling  1  kilometer,  diroct  and  reverse U).m  {i.'J2 

CoHt  of  reducing  and  ('ompilinj?  notes,  per  kilometer '  .tC]  M 


The  difference  in  cost  betwe<*n  the  St.  Lawrence  River  and  the  Lake 
St.  Clair  levels  is  due  almost  entirely  to  the  higher  wages  paid  on  the 
former  work  and  somewhat  to  the  fact  that  the  St.  Lawrence  River 
line  was  very  hilly,  while  the  Lake  St.  Clair  line  was  practically  level. 

It  is  difficult  to  discuss  the  comparative  cost  of  different  levels 
l>ecause  so  much  dep(*nds  on  the  (character  of  the  work,  the  ground 
over  which  the  levels  are  run,  and  the  liberality  in  the  wages  paid. 

<4enerally  the  indu(*einents  are  altogether  insufficient  to  warrant 
following  up  precise  levelling  as  a  speciality,  although  the  subject 
demands  a  specialist  in  the  highest  sense.  The  unpleasantness  of  the 
occupation  is  by  no  means  inviting.  Working  hours  are  such  as  neces- 
sity demands,  and  nuiy  be  any  out  of  the  twenty-four.  Also,  parties 
are  generally  subsisted  on  the  farming  community,  where  the  con- 
veni(*ncc»s  and  food  are  often  anything  but  desirable. 

A  good  man  for  chief  of  a  i)recise  level  party  must  have  little  regard 
for  his  own  welfare^  and  comfort.  lie  must  be  a  hard  worker  and 
hustler,  willing  to  labor  for  a  mere  existence,  and   ho  must   be  a 
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8i)ecialist,  possessing  a  broad  scientific  training,  combined  with  a 
faculty  for  careful  and  patient  research,  united  with  a  natural  adap- 
tation to  artistic  manipulations.  Few  men  possessing  the  required 
capabilities  will  seek  employment  of  this  kind. 

It  would  not  be  excessive  compensation  to  increase  the  rate  of  pay 
to  the  extent  of  raising  the  cost  of  leveling  from  ^9.22  per  double 
kilometer  to  i^Vl, 

A  reform,  said  to  have  been  introduced  in  France  by  M.  Lellemand 
in  1884,  by  which  the  pay  of  the  party  increases  in  proportion  to  the 
s<j[uare  of  tlu»  numl)er  of  kilometers  run  by  each  party,  would  be  very 
acceptable  here. 

The  results  of  the  slope  observations  of  the  St.  Lawrence  and  St. 
Clair  Rivera  are  given  in  the  following  table,  and  the  elevations  and 
descriptions  of  bench  marks  are  tabulated  in  Appendix  No.  22: 

Table  No.  1. — Slope  otmervafions  of  Sf,  Lawrence  River  bettoeen  St.  Hegia  and 

Cape  Vincent,  N.  Y, 

[Made  between  July  27  and  Aaf?ust  6,  1898.] 


c 


10 

11 
12 

i:j 
u 

15 
16 

17 

IS 


Lix'atlon. 


Racket  River 

GraKs  River 1 

RobinBons  Bay j 

Pollys  Creek | 

RichardH  Landing . 
Louisville  Landini; . 
Below      BradfordH  , 

mil ' 

Above      Bradfordfl  I 

mil 

Murphys  Island 

low  Waddington 


•a 
& 

a 


Feet.    ' 
-l.»92 

-2.018 
-2.  (MM 
-2.  (HI 

-2.ia-» 


9^ 


Ft-rt. 

l(i7.0»7 
17r».2«7 
2(W.H73 
208.32:} 


it 

t  o 
.S3 


Fevt. 

VA  rm 

100.844 
1(V'>.  67» 
17a.I7rt 
2()4. 7P2 

2(«.188 


-l.W(>     SOU.OOn     2r)7.t!57 


Below 

Dum 

LoHhinan  Point 

Point  R<K*kwav 

Sheldon  Island 

Butternut  Inlund 

Ojfdensburjf  Ligbt- 

House 

Foot      of       BrcH.'k.s 

(Tfonp 

Al<.»xandritt  Bay 

(aiK*  Vincent 


-1.1I25 

—  1.H78 

-2.2»J 
-2.291 

-2.m 
-2.m 

-2.2«1 


210.«()S 
215.r>53  , 

217.438  I 
22H.  7(«  I 
2:«).«7» 
2:{7.Uim  ! 
247. 12S> 


3 


2nK.UKJ 
213.  (-.75  , 

215.2112 
226.412 
22K.  54.'} 
235.8(15 
244.^68  I 


Miha. 


a 


it  bfi 

"I 


Milea.    Ft'et. 


119 
1,8 

2.  a 

I 
4.1  , 

0.4  ' 
4.7 

3.1 
2.4 
3.4  I 
4.ti! 
4.3 


3.0  I 
7.h 
9.6 
15.3 
17.6 

21.7 

22.1 

26.8 

29.9 
;t».3 
:i5.7 
40.3 
44.6 


2. 249 
8.8:J5 
7.497 
31.616 
1.396 

1.469 

1.326 
4.692 


I 


1^ 

2 


Feet. 


Ft.ptr 
mtle. 


0.577 
2.2(tt 
4. 165 
5.547 
0.6ir7 


o 
53 


Ft.  per 
mUe. 


2.249 
11.084 

18.581  ; 

50. 197 
51.5}i3  , 


53.062       0.:}58  , 


I 


54.388 
59.080 


1.527   m.m 

11.210  71.817 

2.131  7H.UH 

7. 262  81.210 

9.0(3  90.273 

i 


3.315 
0.998 

0.492  ' 

4.671 

0.627 

L579 

2.1(« 


—  2.  ;m  ,  248.155     245.811        5.8       50.4       0.94:^     91.216.    0.162 


-2.09»i  '  247.960  245.870  12.2  62.6 
2.  (HI  24^.2:9  246.198  20.1  H2. 7 
■2.31S     24^. ««     244).  485       25.5     108.2 


O.OW  '  91.275  O.im 
0.:fcJ8  91.«¥«  0.(H6 
0.287     91.8J«0  .    0.011 


0.577 
1.421 
1.936 
3.281 
2.Jm 

2.4« 

2.461 
2.304 

2.(J27 
2  2m3 
2!  071 
2.015 
2.024 

1.810 

1.4«0 
1.1(J8 
0.849 


NoTK. — Tlie  distalUM^s  in  above  table  are  measured  along  the  river, 
not  aloii^  the  precise  level  line. 
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Table  No.  2. — Slope  observations  on  Luke  St.  Clair  between  Windmill  Point  and 

New  Baltimore, 

[Made  July  19, 1899.] 


10 


Location. 


at 


New  Baltimore, 
dock 

A  rlintoii  River,  5 
miles  above  its 
mouth 

B  L'Anse  Creuse  Bay, 
at  Catholic  ('hurch 

C     Milk  River  Point ... 

D  I  Oro8.Hopoint,on  New 
berry  Dock 

E  ■  U  miles  above  Wind- 
mill Point  Light- 
'      House 

11  I  Windmill       Point 
I      Lifirht-HoaseDock. 


BleTation,  eur 

e 

R 

a 

a 

c 

a 

& 

1                fwse  of  water. 

I 

0-: 

« 

© 

Mean  '  Ele¥a^ '              ' 
^auge      tion.  .              i 
read"    rorioof                1 
tug.      r*"ffe    Mean,       ^* 

H 

t«3 

1^ 

11 

II 

-1 

m 

"E 

2  0 

.2 

yA 

rt 

"5          ,2 

1 

1 

•^ 

&S4 

Pu             X 

cc 

1 

Ft. per 
Ft^ft     mtl'. 

Ft.per 
wuTe. 

Feet.    '    Feet.       Ftet.       Feet. 

MiltA  Miiet 

F*#-fJ 

+3.887  571.  TTW  575.623  rF75.rtW 

1 
-0.916.  576.567;  575.651   575.  UlT 

T.l 

7.1 

o.oie 

0.019 

O.O0B88 

0.00268 

-^O.H41   576.462'  575.621   575.  TtH? 

7.0 

14.1 

o.irtit 

0.049 

0.00429 

O.(K047 

-0.964'  576.525 

575.561   575.rt:il.      Wt 

17,3 

o.iNtr 

0.111 

0.019:« 

0.00642 

+0.055'  575.448 

575.5(0  575. 47h       AAV 

2L0 

O.tHT 

0.158 

0.01022 

0.00717 

-0.910  576.  :W7 

575.457  576.417 

'JM 

21!.  11 

o.otn 

0.219 

0.03050 

0.00016 

+0.0871  575.222 

575.309,  575.2SB> 

1.1 

25  II 

0.  i-^. 

0.:U4 

0. 11364 

0.01376 

Note.— The  gau^res  were  read  every  15  minuteH  between  9  a.  m.  and  «»  p.  m.  on  July  19,  1S99. 
The  wind  was  fresh  from  the  east  and  northeast.  At  12  m.  the  wind  al>ated  for  a  short  time 
and  hence  the  12  o'clock  readinf^  were  used  for  the  slo))e  determinations.  The  distances  are 
over  the  air  lines  between  the  gauges. 

I  am,  very  respectfully,  ^-our  obedient  servant, 

David  Molitor, 

Assi^tdfit  Engineer. 
The  Board  of  Engineers  on  Deep  Waterways. 
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PBSCISE  LEVELS  ALONG  DETBOIT  AND  ST.  CLAIR  BIVEBS. 

Detroit,  Mich.,  Fehruarxj  27,  1899, 
Gentlemen:  I  have  the  honor  to  make  the  following  report  upon 
precise  levels  between  Lake  Erie  and  Lake  Huron. 

The  party  w^as  engaged  and  reported  for  duty  in  Trenton,  Mich., 
on  SeplemlKH'  21,  181)8.  It  consisted  of  1  observer,  1  recorder,  2  rod- 
men,  1  umbrellaman,  and  1  ax  man. 

Tlie  Kern  precise  leveling  instrument  Xo.  5  with  rods  Nos.  14  and 
17  were  borrow(»d  of  the  Mississippi  River  Commissicm  for  this  work. 
The  further  equipment  of  the  party  was  furnished  from  the  Lake 
Survey  Oflfice,  Li<»ut.  Col.  G.  J.  Lydecker,  Corps  of  Engineers,  in 
charge,  by  Mr.  E.  E.  Haskell,  assistant  engineer.  Tlie  "turning 
point"  or  '* rod  supports"  were  specially-designed  pins  turned  from 
one  piece  of  tool  steel. 

11.  Doe.  14i> 64 
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A  former  line  of  levels  over  this  reach,  run  in  1877,  followed  the 
line  of  the  railroads,  and  so  was  generally  several  miles  from  the 
waters  of  the  Detroit  River,  Lake  St.  Clair,  and  the  St.  Clair  River. 
The  line  discussed  in  this  report  followed  the  highway,  generally 
close  to  the  water,  connecting  at  the  start  and  finish  and  every  few 
miles  with  gauges  that  were  read  every  ten  minutes  from  7  o'clock 
a.  m.  to  G  o'clock  p.  m.  from  October  10  to  October  15,  both  inclusive. 
The  readings  of  the  12th  and  14th,  on  the  upper  reach,  were  rejected 
on  account  of  wind.* 

This  work  is  divided  into  two  parts: 

Fii'st,  Lake  Erie  gauge  and  "U.  S.  B.  M.  Gibraltar,  1877,"  to  gauge 
at  the  foot  of  Lake  St.  Clair,  connecting  also  with  bench  marks  of 
1877  at  Trenton  and  Wyandotte ;  and  of  1871  at  the  Detroit  Light-House 
Depot  and  with  gauges  at  Wyandotte,  "Tecumseh  Salt  Works,"  and 
foot  of  Eighteenth  street,  Detroit. 

Second,  from  Lake  Huron  gauge  and  "  U.  S.  B.  M.  Fort  Gratiot, 
1877,"  to  New  Baltimore  gauge  on  Lake  St.  Clair,  connecting  also 
with  gauges  at  Fort  Gratiot,  Port  Hurcm,  Hamilton  Place,  Marysville, 
St.  Clair,  Marine  City,  and  Algonac.  Thus  leaving  a  stretch  of  water 
levels  of  25  miles,  from  New  Baltimore  to  Windmill  Point.'*^ 

At  Trenton  the  instrument,  level  tulx^  and  rods  were  tested  and  put 
in  good  order  and  observations  taken  for  the  instrumental  values  and 
the  necessary  tables  made  for  reducing  notes  as  the  work  progressed. 

Field  work  was  l)egun  on  September  24.  The  party  \^as  quartered 
in  the  villages  and  cities  along  the  route. 

METHODS   OF  WORK. 

These  were  similar  to  those  described  in  Rep)ort  of  Chief  of  Engi- 
neers, 181M),  page  1051.  Every  <lay,  upon  starting  work,  the  errors  of 
the  instrument  were  made  very  small.  As  the  work  progressed  the 
sums  of  backsights  and  foresights  were  kept  running  equal,  and  at 
the  end  of  each  run,  usually  closed  between  0.0  and  2  meters.  At  the 
end  of  the  day's  work  the  errors  of  the  instrument  were  measured  and 
their  algebraic  sum,  made  out  in  millimeters  per  meter,  applied  to  the 
amount  of  excess  for  each  run. 

All  lines  run  forward  to  the  farther  or  additional  point  were 
described  as  direct  lines  ''D,"the  other  line  of  each  pair,  in  all  cases 
run  in  the  opposite  direction,  were  described  as  reverse  lines  "R." 

As  an  additional  caution  against  large  errors,  the  decimeter  figures 
for  each  of  the  three  wires  were  called  out  first,  before  the  accurate 
and  fine  level  rea<lings  wer^  taken  and  again  repeated  afterwards  with 
the  whole  reading. 


'  A  similar  set  of  gauge  readings  were  made  June  26  to  July  1, 1899. 

*  Connection  between  New  Baltimore  and  Windmill  Point  bench  marks  was 
made  in  1899  by  line  of  precise  levels,  the  resalts  of  which  are  used  in  determining 
the  fall  between  Lake  Huron  and  Lake  Erie. 
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The  method  of  taking  but  one  reading  for  backsight  and  one  read- 
ing for  foresight  with  telescoj^e  normal  and  level  direct  was  followed 
as  usual,  and  this  gives  as  good  results  as  the  method  pursued  by  some 
precise  le  velera  of  taking  in  additional  readings  with  telescope  inverted 
and  level  reversed,  though  the  latter  will  require  about  one-half  as 
much  more  time. 

The  elevations  of  ''base  of  rail"  were  taken  whenever  our  line 
crossed  a  railroad  track. 

FIELD   COMPUTATION. 

If  the  two  lines,  between  any  two  bench  marks,  checked  within  the 
prescribed  limit, '»)  mm.  \/distance  between  bench  marks  in  kilometei*s, 
it  was  passed  as  sufficientl}'  good ;  otherwise  it  was  rerun,  twice  as 
before.  This  limit  is  more  severe  than  that  heretofore  used,  which 
was  3  mm.  \/2  x distance  between  l)ench  marks  in  kilometers.  Thus 
3  mm.  V  K.  for  a  stretch  of  1,000  m.  =  3  mm.;  former  limit  gives 
4.24  mm. 

And  3  mm.  \/K.  for  a  stretch  of  2,000  m.=4.24;  former  limit  gives 
6  mm. 

In  making  the  field  reduction  the  sum  of  the  three  wire  readings 
were  made  at  the  foot  of  each  page,  divided  by  3  and  made  to  check 
with  the  sums  of  means  for  each  page.  After  completing  the  two 
runs  over  a  stretch,  a  field  computation  was  made  before  leaving  the 
vicinity. 

FIELD  TABULATION. 

A  field  tabulation  giving  all  necessary  information  in  reference  to 
each  stretch  was  kex>t  along  with  the  field  work.  This  is  indispensable 
as  a  record  to  refer  to  and  to  compai\»  the  office  reduction  with. 

PLOT   OF   DISCREPANCIES. 

A  plot  of  discrepancies  between  the  continuous  direct  and  reverse 
lines  was  made;  the  distance  bet\veen  these  lines  at  an}'  bench  mark 
shows  the  algebraic  summation  of  the  errors  of  closure  at  this  point 
from  the  initial  point.  If  the  results  are  being  affected  b}^  a  "  con- 
stant" error,  its  presence  will  soon  ])e  shown  by  this  graphic  repre- 
sentation, and,  by  understanding  the  principles  of  the  work  and  the 
instruments,  the  observer  can  soon  locate  its  cause  and  remove  it. 

During  this  season's  work  our  results  were  affected  slightly  from  a 
constant  error  caused  for  a  time  by  frozen  ground,  where  the  pins 
showed  heaving,  but  this  was  soon  obviated,  first  bj'  cutting  through 
the  frost  and  later  bj'  using  stakes. 

BENCH   MARKS. 

Over  this  line  of  work  are  distributed  7  old  bench  marKs,  13  gauges, 
16  gauge  bench  marks,  34  pernmnent  bench  marks,  93  temporary 
bench  marks. 
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Sketches  were  made  of  the  location  of  all  permanent  bench  marks, 
which  were  established  upon  masonry  structures  and  lettered  when 
possible  ''  U.  S.  P.  B.  M."     All  bench  marks  are  well  described. 

Table  shotcing  the  amount  of  line  and  number  of  times  each  portion  uns  run. 


Times  run. 

Distance. 
Meters.      Miles. 

Decimal 
of  the 
whole. 

Single 
line  run. 

Ron  twice... 

118,830 
2.923 
10,902 

73.542 
1.816 
6.77rt 

Mile*. 
0.8954  !      147  084 

Run  three  times 

0.0221            5  44xS 

Run  four  timet? 

0.0825          27  104 

Total 

132,165 

82.134 

1  0000  1      170  a:M 

Main  line  completed  =  71.838  miles. 
Side  line  completed  =  10.29R  miles. 


RATE    OF   PROGRESS. 

From  the  time  that  field  work  began,  September  24,  to  close  of  field 
work,  December  15,  both  inclusive,  was  83  days. 

Deducting  12  Sundays,  on  which  no  work  was  done,  =  71  week  days. 

Average  length  of  line  completed  for  each  of  the  71  week  days,  = 
1.157  miles. 

Average  length  of  single  line  run  for  each  of  the  71  week  days, 
=  2.530  miles. 

T'pon  completing  the  line,  observations  were  again  taken  for  instru- 
mental values. 

The  party  was  then  ordered  to  the  office  and  disbanded  and  the 
property  accounted  foi-  and  placed.  Mr.  C.  Frederic  Pleyerman, 
recorder,  was  retained  to  assist  me  in  making  the  office  computations. 

All  of  the  members  of  the  party  were  faithful  in  the  performance  of 
their  work. 

OFFICE   REDUCTION. 

The  15  notelx)oks  were  indexed  and  labeled. 

All  observations  for  instrumental  factors  were  recomputed,  and  from 
the  corresponding  or  mean  values  the  necessaiy  tables  were  made  out 
for  us(?  in  this  final  reduction.  These  are  enumerated  in  Report  of 
Chief  of  Engineei's  for  180G,  page  1055. 

The  checking  of  the  field  notes  was  made  complete. 

A  n^computation  of  all  corrections  due  to  <*ollimation  and  inclina- 
tion were  made,  based  upon  the  above  values.  These  corrections 
aggregate  but  a  small  quantity. 

A  reconiputation  of  difi'erence  of  elevation  from  l)ench  mark  to 
bench  mark  of  all  runs  was  made  and  compared  with  the  field  com- 
putation point  by  point. 

The  results  were  then  compiled  on  a  new  tabulation  and  the  chain 
of  results  carried  through  and  compared  point  by  point  with  the  field 
tabulation. 
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No  "rod  correction"  was  applied,  owing  to  the  fact  that  former 
comparisons  of  these  rods  with  standard  lengths  show  that  they  are 
practically  standard,  also  because  the  difference  of  elevaticms  are 
small. 

Office  veductwn  of  preciae  lex'eh.  Lake  Erie  to  Luke  St.  Clair  and  Lake  Huron  to  Lake 
St.  Clair,  September  ^.'4  to  December  7.7,  JS08. 

[  Value  ( n  >  in  Meconds  of  one  division  of  level  tube  No.  3  used.  ] 

At  beginning  .,  =  1.89!.  seconds.  )  ^^^^^^  value=l.K45  seconds. 
At  end  ?i= 1.7112  seconds.  ) 

Tang,  of  1.89iiseconds=().CK)0(H)9L>0061.  /  Mean=0.(XKMX)S94711. 
Tang,  of  1.792  seconds=0.00(K)()8687H2.  f 

WIRE  INTEEVALb. 


season.    I 


Value  of  lower  interval 8    18.rj6  '        8    JJ3.78 

Value  of  upper  interval 7    42.«7  7    48.77 

Total I    10    01.  M  '      IB    11.5f> 

DiverRencf  per  meter  l)cyond  "(c+f  )" 4.70nHmm.    4.7018mm. 


Inequalitij  of  fdescope  rings. — ^;=The  correcticm  to  apply  to  the 
excessive  sights,  given  in  millimetc^rs  ];)er  meter. 

At  beginning  of  season  7>=—0.(X)378,  eye  ring  larger,  i  Mean,  ^>=— 0.001. 
At  end  of  season  y>=-|- 0.00122,  object  ring  larger.    jEye  ring  larger. 

"^"  of  Rods  XIV  ami  .YF//^.— The  ''A''  of  a  rod  is  the  amonnt 
to  apply  to  any  reading  to  give  the  length  from  this  point  (or  inter- 
cept) to  the  point  the  rod  is  held  upon.     Made  e<iual  by  filing. 

Mean  of  8  measurements  gave  A=— 50.2  mm. 

"5r"  of  Rod  XIV. — The  '*B"  of  a  rod  is  the  distance  along  the 
axis  of  the  rod  from  its  square  shoulder  to  the  bottom  of  its  spur. 
Br  is  this  ([uautity  for  the  right  side. 

Mean  of  3  sets  of  observations  gave  Br  Rod  XIV=  — 15.0  mm. 

Table  to  find  the  correction  for  "inclination"  of  level  tube  in  mil- 
limeters Y^v  meter,  by  taking  out  the  quantity  corresponding  to  the 
difference  of  diffenmces  of  end  readings  of  bubble — '* level  direct" — 
"level  revei-s(^'' 


Difference'  Correction  in  Difference  Correction  in 
of  bubble  i  millimeters  li  of  bubble  •  millimeters 
reading[8.      per  meter.        readintpii.  I    per  meter. 


4  0.1  ■-  .00(eJ4  rO.«  I        H.o.()01»41 

0.:;  0.0(M>447  0.7  i           0.00L%4 

0.3  I            0.000671  '              0.8  0.001788 

0.4  '            O.OII08U4  O.U  0.00a)12 

0.5  I            0.«I01118  . 
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Also  used  to  correct  any  rod  reading  with  eccentric  bubble  to  cen- 
tral bubble,  by  taking  out  the  quantity  corresponding  to  the  differ- 
ence of  end  readings  of  bubble  and  multiplying  by  2  and  by  the  num- 
ber of  meters  in  the  sight. 

Recapitulation  of  instrumented  factors, 
[Office  redaction  of  precise  levels.  Lake  Huron  to  Lake  Brie,  September  24  to  December  15, 1896.] 


Kern  precise  level  No.  5. 

Sept.24toOct.  21. 

Oct.  22  to  Nov.  18. 

Nov.  19  Ui  Dec.  15. 

Curvature  in  one  division  of  level  tube 
No.  2=  -n' 

1.899  sec 

1.845  sec 

1.792  seconds. 

"  p  "  per  m.  i  correction  due  to  inequality 
of  tel.  rings) 

-0.004 

-0.001 

+0.001. 

**S"  =  di.stance  at  which  one  division 
subtends  1  mm 

108  m 

112  m 

115  m. 

AuKular  vkluo  of  intervals: 

Lower 

H  min.  18.58  sec... 

8  min.  22.78  sec. 

Upper  - 

7  min.  42.97  sec      i  -  -  -  - 

7  min.  48.77  sec 

Total 

Irt  min.  01..'i3sec.. 

16  min.  11.55  sec. 

Divergence    per    m.     beyond    (c+f), 
(c+f)=0..55  m....    

4.700Hmm 

—56.2  mm 

— 15.rt  mm 

a00920mm 

1000000 

4,71Jl  mm 

4.718  mm. 

'*A"  of  Keru  Rods  XIV  and  XVH   

Brof  RodXIV    

-56.2  mm 

—15.6  mm 

0.00896  mm 

1  non(¥¥) 

-56.2  mm. 
—  15.6  mm. 

Displacement  of  bubble,  one  division  for 
1  m= 

0.008?2  mm. 

Mean  standard  of  value  of  1  m.  on  rods 
used ...    . 

1.000000. 

The  standard  length  of  1  m.  on  Rods  XIV  and  XVII,  respectively, 
have  been  determined  as  follows: 


Rod. 


Date. 


XIV  Aug. -1882 
XVII  , do 

XIV  Sept.:*),  1891 
XVII  I do 


Reference. 


I 


Standard 

leufifth  of 

1  m. 


Report  Chief  of  Engineers.  1884,  p.  2464 

do    

Report  Chief  of  Engineers.  1892,  p.  3076 
do 

Mean  of  all , 


I.OOUOIU 
1.0U)l»44 
0.999948 
4.0U0028 

1.000007 


DEGREE   OF   PRECISION   ATTAINED. 

In  this  line  of  work  there  were  345  lines  run  from  one  bench  mark 
to  another. 

Of  these,  11  pairs  were  rerun  because  they  did  not  check  within  the 
limit. 

The  largest  of  these  discrepancies  was  one  of  6.7  mm.;  3,  in  all, 
were  greater  than  5  mm. ;  and  4  were  between  4  and  5  mm.  Thus 
the  greatest  discrepancy  in  any  two  lines  during  the  whole  season's 
work  was  0.7  mm.  =  0.022  foot,  and  the  length  of  this  stretch  was 
1,430  meters  =  0.0  miles;  that  is,  the  distance  in  which  this  0.022  foot 
was  accumulated  was  1.8  miles,  the  length  of  the  loop.  It  might  be 
added  that  this  error  was  plainly  attributable  to  the  action  of  frost. 

For  this  line,  the  probable  error  per  kilometer  is  0.48  mm. 

A  probable  error  of  ±0.48  mm.  per  kilometer  gives  a  probable  error 
of  6.1  mm.  for  a  line  100  miles  long. 
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The  descriptions  and  elevations  of  the  permanent  bench  marks 
established  during  the  pro^rrcss  of  this  work  are  given  in  Part  III, 
Appendix  No.  22. 

The  plane  of  reference  of  the  elevations  given  is  mean  tide  at  New 
York,  as  given  in  Professional  Papers,  Corps  of  Engineers,  ITnited 
States  Army,  No.  24,  page  616. 

Very  respectfully  submitted. 

().  W.  Fergupon, 
AssiMant  Engineer, 

The  Board  of  Engineers  ox  Deep  Waterways. 


Appendix  No.  22. 

DESCRIPTION  AND  ELEVATION  OF  BENCH  MAKKS. 

These  bench  marks  were  established  during  the  progress  of  the  sur- 
veys for  deep  waterways.  The  list  is  divided  into  three  parts,  cor- 
responding to  the  three  initial  bench  marks.  All  elevations  are  given  in 
feet  and  de(?imals  above  mean  tide  at  New  York  and  depend  on  the 
adopted  elevation  of  the  initial  bench  of  the  part  in  which  the  eleva- 
tion appears. 

Part  I. — The  initial  bench  mark  of  Part  I  is  the  Greenbush  bench 
mark,  and  the  adopted  elevation  14.73.  The  lines  of  levels  here 
included  are  fully  reported  on  in  Part  III  of  the  report  of  Charles  L. 
Harrison,  principal  assistant  engineer,  Api^endix  No.  10. 

Part  IL — The  initial  bench  mark  of  Part  II  is  the  one  on  the  light- 
house at  Buffalo,  whose  elevation  was  established  by  the  United  States 
engineers  as  580.807  above  mean  tide  at  New  York.  This  elevation 
was  adopted  as  a  starting  point  for  all  levels  run  under  the  direction 
of  Mr.  Charles  L.  Harrison,  assistant  engineer  in  charge  of  Niagara 
Ship  Canal  surveys. 

These  levels  were  run  with  a  Buff  &  Berger  wye  level.  All  lines 
were  run  twice,  the  second  run  being  in  the  opposite  direction  from 
that  of  the  first,  and  the  mean  of  the  two  runs  used  in  establishing 
elevations.  The  work  was  commenced  in  September,  1897,  and  com- 
pleted in  February,  1S08.  The  main  line  extends  from  Buffalo  to 
Olcott  via  Tonawanda,  with  three  side  lines,  as  follows: 

A  line  crossing  the  Niagara  River  on  the  International  Bridge  at 
Buffalo,  and  thence  extending  south  along  the  river  to  Lake  Erie.  A 
line  along  the  River  Road  from  North  Tonawanda  to  Niagara  Falls. 
A  line  near  the  Military  Road  from  Lasalle  to  Lewiston. 

Part  HI. — The  initial  bench  mark  of  Part  III  is  the  United  States 
Lake  Survey  bench  mark  Gibraltar  (1877),  at  Gibraltar,  Mich.  The 
Lake  Survey  established  its  elevation  at  582.45  above  mean  tide  at 
New  York,  and  this  elevation  was  adopted  by  the  Deep  Waterway 
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Survey.  Two  lines  of  precise  levels  were  run  by  Assistant  Engineer 
Ferguson  in  1808;  the  one  from  the  bench  mark  at  Gibraltar  to  Grosse 
Point,  at  the  foot  of  Lake  St.  Clair,  and  the  other  from  the  United 
States  Lake  Survey  bench  mark,  Fort  Gratiot,  at  the  foot  of  Lake 
Huron,  to  New  Bait  imore,  on  Lake  St.  Clair.  These  lines  are  described 
in  Mr.  Ferguson's  report,  Appendix  No.  21. 

In  1899  Mr.  David  Molitor  joined  Mr.  Ferguson's  lines  by  a  line  of 
precise  levels  along  the  shores  of  Lake  St.  Clair.  The  elevations  given 
in  the  lists  (Part  III)  all  depend  on  the  Gibraltar  bench  mark,  the 
elevations  established  by  Mr.  Ferguson  from  New  Baltimore  to  Lake 
Huron  having  been  changed  in  accordance  with  Mr.  Molitor's  line. 

Part  I. 


BENCH    MARKS   OX    EAST   SIDE    OF    HUDSON    RIVER,    BETWEEN    HUDSON    AND 

GREENBUSH,  N.  Y. 

[The  distances  recorded  in  these  tables  are  measured  alon^  the  line  on  which  the  levels  were 

run.] 


Description  of  locatltm. 


At  Hudson  City,  NY 

A  knob  in  square  on  top  stone  at  tiortfaweat  comer  of  south 
abutment  of  bridge  No.  29H,  N.  Y.  C.  aud  H.  R.  B.  R.»b&ut  3vall 
feet  south  of  Hudson  City  R.  R.  Statl^-n. 

At  Bud.son  Citv,  N.  Y .*.._... ^___„._. 

A  round-headed  bolt  in  west  side  of  top  of  »tollc  pier  nndtrf 
iron  column  of  overhead  bridge  on  i^tretc  leaditupr  t<»  the  dticki^ 
and  Athens  ferry.  The  pier  is  the  w*(;ond  from  the  »i>ath  in 
the  tlrst  row  ot  columns  irom  the  eti:*l. 

Near  Hudson  City,  N.  Y ...„„.. „,    . 

Center  of  square  cut  in  top  stone  at  tiortheaj^t  corner  of  north 
wing  wall  of  bridge  No.  .3i«  ot  N  Y,  C*  liud  H.  B.  ft.  B.  iibcmt 
5.")0U  feet  north  of  Hudson  City  R.  R,  Station. 

At  Stockport  Station,  N.  Y ,„  .  .,..,„ 

Cent<?r  of  square  cut  on  northwest  corner  of  Houth  abatmenti 
of  bridge  No.  307,  N.  Y.  C.  and  H.  R  R.  R.  Juht  jwrnth  of  Stork- 
port  Station. 

At  Stockport  Landing .._._,........     ._..,_,,,_. 

Center  square  cut  in  large  stone  on  ewHt  nlde  of  N-  V  .  C,  and 
H.  R.  R.  R  ,  10  feet  from  east  rail  and  l.ttnJ  feet  south  of  St^xjk- 
port  l>oat  laiKiiug. 

Near  Stockport  Landing,  NY _  .„. ._.._..._._..,, 

A  square  cut  in  top  stone  at  nortbw<*»t  corner  of  bridge'  No. 
311,  N.  Y.  C.  and  H.  R.  R.  R..  abo\it  4^W  feet  north  of  Stock- 
port Landing. 

Near  i'oxsackie  tStation,  N.  Y .„... 

A  cross  in  circle  on  stone^Dn  southeast  wintx  wall  of  bridge 
No.  31H,  N.  Y.  C.  and  H.  R.  R.  R.,  &Umt  ^.^m  tiwX  north  of  Uoi- 
sackie  Station. 

At  Stuy vesant,  N.  Y 

A  cross  in  circle  on  southwest  comer  of  »iil  of  door  to  wait- 
ing room  on  west  side  ot  Stuy vesaot  ^tiktJou  bolldttig. 

Between  Stuy  vesant  and  Castleton.  N.  Y 

Center  of  square  cut  in  stone  on  HQUtheoaT.  corner  of  utotif 
culvert  on  N.  Y.  C.  and  H.  R.  R.  R„  about  l,3fti  feet  south  of 
road  to  Stuy  vesant  lighthou.se. 
Between  Stuy  vesant  and  Castleton,  N.  Y    .............. ............ 

A  cross  in  circle  on  bolt  on  north  d>Tlt  for  boat  at  Stuyre- 
sant  light-house  and  3  feet  north  of  northweat  corner  of  Ifght^ 
house. 

Between  Stuyvesant  and  Castleton.  N.  Y  , 

Center  of  square  cut  in  top  stone  on  the  sontbwest  cortier  of 
bridge  No.  W6.  N.  Y.  C.  and  H.  R.  R.  R  .  about  S,«N>  feet  soaih 
of  south  end  of  Hotaling  Island. 
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Part  I— Continued. 

BENX'H    MARKS    ON    EAST    SIDE    OF  HUDSON    RIVER,    BETWEEN    HUDSON    AND 
GREENBUSH.  N.  Y.-<:!ontinned. 


De«cHptloii  at  locatlmu 


Between  Sttivveaiitit  And  Castle  ton.  K.  Y,«  opposite  New  BaJti- 

mareli^ht-Iioiide ^. ■.........._ 

I  "enter  uf  wrmaro  <"ut  on  TJiitural  ledge.  W  Te^t  eiust  of  N.  Y.  C 
and  H.  R.  R,  R.  track,  in  lino  wJth  aoiith  »lde  of  warehuas«  at 
d^M^k  for  lo&diJig  brlclc.  l|  mU(^  Boath  of  l^f^bodack  Latidiag. 

Near  Cabtleton,  N.  Y 

A  cross  on  stone  on  east  side  of  foundation  of  water  tank, 
near  signal  tower  No,  94  on  N.  Y.  C.  and  H.  R.  R.  R.  and  oppo- 
site Mulls  lighthouse. 

NearCastleton,  N.  Y 

^  square  out  on  stone  on  cjast  end  of  culvert  No.  337  of  N.  Y.  C. 
and  H.  R.  R.  R..  abont  2.2UI)  feet  south  of  Castleton  light^house. 

NearCastleton,  N.  Y 

A  cross  in  circle  cut  on  stone  forming  second  step  of  south- 
west wing  wall  of  bridge  No.  339  of  N.  Y.  C.  and  H.  R.  R.  R., 
about  1  mile  south  of  Castleton,  N.  Y..  and  opposite  Castleton 
light-hon.se. 

At  Castleton,  N.  Y 

A  cross  cut  in  stone  sill  of  north  door  on  west  side  of  N.  Y.  C. 
and  H.  R.  R.  R.  depot  at  Castleton,  N.  Y. 

NearCastleton,  N.Y 

A  square  cut  in  stone  at  southwest  comer  of  north  abut 
ment  of  bridge  No.  341  of  N.  Y.  C.  and  H.  R.  R.  R..  opposite 
lower  end  of  Campbells  Island  and  about  1  mile  north  of  Castle- 
ton Station. 

AtGreenbufth,  N.Y 

A  cross  cut  on  the  northwest  side  of  the  northeast  corner  of 
stone  foundation  of  old  grist-mill  near  the  river  al  the  foot  of 
and  on  the  south  side  of  Second  avenue,  established  by  the 
United  States  Coast  ana  Geodetic  Survey  in  1857,  and  is  known 
as  the  Greenbush  Bench  Mark. 
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BENCH  MARKS  ON  THE  EAST  SIDE  OF  THE  HUDSON  RIVER.  BETWEEN  GREENBUSH 

AND  TROY.  N.  Y. 


At  Greenbush,  N.Y 

See  description  above. 

At  Rensselaer,  N.Y 

A  cross  cut  in  stone  on  southwest  corner  of  foundation  of 
water  tank  at  the  south  end  of  visiduct  on  which  Broadway, 
Ren8.selaer,  crosses  the  N.  Y.  C.  and  H.  R.  R.  R. 

Near  Bath-on-the-Hudson : 

Center  of  square  cut  in  top  stone  at  the  northeast  corner  of 
stone  culvert  under  the  N.  Y.  C.  and  H.  R.  R.  R.,  about  1,000 
feet  north  of  Bath  Dyke  Light. 

Near  Troy,  N.Y.. 

A  cross  cut  in  top  stone  of  northwest  comer  of  culvert  under 
the  N.  Y.  C.  and  H.  R.  R.  R.,  about  m)  feet  north  of  Covllls 
Folly  Light. 

At  Troy,  N.Y 

A  cross  cut  in  the  north  end  of  stone  doorsill  at  the  south  end 
of  the  east  side  of  the  Trojan  Warehouse  of  the  Fuller  &  War- 
ren Co.,  on  the  northwest  corner  of  Monroe  and  River  streets. 
Troy,  N.  Y. 

At  West  Troy,  N.  Y 

A  cross  marked  "  B.  M."  on  second  stone  of  second  course  on 
northeast  corner  of  west  abutment  of  Congrress  Street  Bridge  at 
West  Troy,  N.  Y. 
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Part  I— Continned. 


BENCH  MARKS  ESTABLISHED  IN  THE  MOHAWK  VALLEY,  WOOD  CREEK  VALLEY, 
ON  THE  NORTH  SIDE  OF  LAKE  ONEIDA,  AND  ALONG  THE  ONEIDA  AND 
OSWEGO  RIVERS  BETWEEN  TROY  AND  OSWEGO,  N.  Y. 


D»MGTit>ti"u  uf  Idtmilon. 


mi^ti 


At  West  Troy,  N.  Y 

A  cross,  marked  "  B.  M.,"  on  second  stone  of  second  course  on 
northeast  corner  of  west  abutment  of  Conjfress  Street  Bridge, 
at  West  Trov,  N.  Y. 

At  Water  ford,  :^.  Y 

A  crow  foot  on  the  southwest  corner  of  bridfro  seat  on  the 
north  abut njent  of  the  Delaware  and  Hudson  R.  R.  bridge  over 
the  Fourth  Branch  of  the  Mohawk  River. 

AtCohoes,  N.  Y 

Top  of  coping  on  southwest  corner  of  east  wall  of  west  lock 
No.  15  of  tne  Erie  Canal.  This  bench  mark  corresponds  to 
United  States  Lake  Survey  bench  mark  No.  8a:  elevation,  ltiO.49. 

AtCohoes,  N.Y 

A  square  cut  on  south  corner  of  doorsill  of  house  at  No.  1 
Mohawk  street,  Cohoes,  N.  Y. 

AtCohoes,  N.  Y 

A  crow  foot  on  the  northea.««t  corner  of  coping  on  retaining 
wall  on  the  east  liank  of  the  hydraulic  canal  and  on  the  west 
end  of  Cohoes  Falls. 

Near  Cohoes,  N.  Y 

A  scjuare  cut  on  the  southwest  comer  of  top  stone  on  the 
south  end  of  breakwater  above  the  Cohoes  Water  Co. 's  gate- 
house and  near  the  western  end  of  this  company's  dam. 

Near  (!ohoer»,  N.  Y 

The  highest  point,  marked  "B.  M.,''of  comer  stone  on  the 
southeast  face  of  the  southeast  corner  of  the  south  wing  of  the 
east  abutment  of  bridge  over  the  Erie  Canal  ab^iut  5.tfn»feet 
south  of  the  southern  end  of  the  Lower  Mohawk  aqueduct. 
This  liench  mark  corresponds  to  the  United  States  Lake  Survey 
Ijench  murk  No.  9a,  elevation  ll*3.fl2. 

Near  Crescent,  N.  Y 

A  cross  in  circle  cut  in  south  comer  of  coping  stone  on  south 
wing  of  northeast  abutment  of  second  bridge  over  the  Erie 
Canal  south  of  the  Lower  Mohawk  aqueduct,  and  about  3,2U() 
feet  south  of  the  southern  end  of  this  aqueduct. 

At  Crescent,  N  Y 

A  cross  cut  in  circle  on  top  of  coping  on  the  southwest  corner 
of  the  southwest  wing  of  the  Lower  Mohawk  aqueduct,  and 
corresponds  to  the  New  York  State  survey  l»ench  mark  No.  59. 

At  Dunslmch  Ferry,  N.  Y 

On  the  southeast  corner  of  bottom  stone  of  doorstep  on  south 
side  of  house,  about  21)0  feet  south  of  south  end  of  bridge  over 
the  Mohawk  River. 

At  Niskayuna,  NY 

A  cross  cut  on  comer  of  topstone  of  foundation  on  the  south- 
west corner  of  the  depot  of  Troy  and  Schenectady  Branch  of 
N.  Y.  C.  and  H.  R.  R.  R.  at  Niskayuna. 

Near  Vischers  Ferry,  N.  Y 

On  north  corner  of  north  stone  of  northeast  end  of  culvert 
No.  37,  on  Troy  and  Schenectady  Branch  of  N.  Y.  C.  and  H.  R. 
R.  R.,  about  1  mile  west  of  Vischers  Ferry. 

Near  Aqueduct  Station,  N.  Y ■ 

A  cross  cut  in  southeast  corner  of  capstone  of  culvert  No.  40 
on  the  Troy  and  Schenectady  BraT7ch  of  the  N.  Y.  C.  and  H.  R. 
R.  R., about  6.000  feet  east  of  railroad  station. 

At  Aqueduct  Station,  N.  Y 

A  square  cut  in  extreme  west  comer  of  step  under  ladies' 
entrance  to  the  railroad  station  of  the  Troy  and  Schenectady 
Branch  of  the  N.  Y.  C.  and  H.  R.  R.  R. 

Near  Aqueduct  Station.  N.  Y 

The  extreme  southeast  corner  of  top  of  keystone  of  bridge 
No.  44  of  the  Troy  and  Schenectady  Branch  of  the  N.  Y.  C.  and 
H.  R.  R.  R.,  about  3,000  feet  west  of  railroad  station. 
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Part  I— Continued. 
BENCH  MARKS  ESTABLISHED  IN  THE  MOHAWK  VALLEY,  ETC.— Continued. 


Description  of  location. 


At  Schenectady,  N.  Y 

A  square  cut  on  the  southwest  end  of  the  top  of  the  south 
west  coping:  stone  of  culvert  No.  47  of  the  Troy  and  Schenec- 
tady Branch  of  the  N.  Y.  C.  and  H.  R.  R.  R..  opposite  the 
Schenectady  Locomotive  Works  and  about  40!)  feet  east  of 
Romeyn  street  crossing. 

At  Schenectady,  N.  Y 

A  cross  cut  on  the  southeast  comer  of  foundation  stone  of 
the  northwest  column  of  the  Church  Street  Bridge  over  the 
Erie  Canal. 

Near  Schenectady,  N.  Y 

On  northweHt  corner  of  top  of  north  stone  in  third  course  of 
the  east  abutment  of  bridge  No.  63  over  Erie  Canal,  about 
U  niile^  west  of  Rotterdam  Street  Bridge  at  Schenectady. 

Between  Schenectady  and  Rotterdam  Junction,  N.  Y  

A  square  cut  on  the  east  corner  of  the  northwest  end  of  the 
southwest  wall  of  northeast  l<K"k  of  lock  No.  24  of  the  Erie 
Canal,  about  'AJW  feet  west  of  the  Schenectady  waterworks. 

Between  Schenectady  and  Rotterdam  Junction,  N.  Y 

A  square  cut  on  the  north  comer  of  the  bottom  stone  step  at 
the  east  corner  of  brick  hou.se.  about  7(H)  feet  east  of  the  Erie 
Canal  amieduct.  which  is  about  3  miles  east  of  Rotterdam  Junc- 
tion, N.Y. 

At  Rotterdam  Junction.  N.  Y 

An  arrow  cut  on  the  north  comer  of  projecting  course  of 
brick  on  the  north  comer  of  brick  house.  alx>ut  7iK)  feet  east  rif 
lock  No.  :i5  of  the  Erie  Canal,  and  about  l.V)  feet  south  of  the 
schoolhouse. 

Between  Rotterdam  Junction  and  Patterson ville.  N.  Y 

A  square  exit  in  the  coping  stone  west  of  the  center  and  on 
the  uortli  edge  of  coping  on  the  north  end  of  culvert  under 
higliw.'iy,  r.bout  l.tHiO  feet  east  ot  railroad  bridpe  over  the  Mo- 
hawk River,  which  is  about  1  mile  east  of  Pattersonville,  N.  Y. 

At  Patterson  ville,  N.  Y 

A  square  cur,  on  northea.st  corner  of  largo  s(iuare  stone  under 
foot  of  flight  of  steps  on  southwest  corner  of  coal  shed,  op})o- 
site  Pattersonville  Hotel,  and  about  aj()  feet  east  of  West  Shore 
R.  R.  station. 

Near  Cranesville,  N.Y 

Top  of  east  corner,  marked  *'B.  M.,"  of  south  wall  of  north 
lock  of  lock  No.  26  of  Eric  Canal.  This  corresponds  to  boucli 
mark  No.  21  of  ttie  United  States  Lake  Survey,  elevation  264. 2;J. 

Near  Amsterdam,  N.  Y 

A  SQuare  cut  on  the  northeast  corner  of  the  west  abutment 
of  bri.lge  No.  233  of  the  West  Shore  R.  R.,  about  y.rt) )  feet  east 
of  bridge  over  the  Mohawk  River  at  Am.-iterdam,  N.  Y. 

At  Amsterdam,  N.  Y 

A  square  cut  in  the  top  of  the  north  crjrner  of  the  northwest 
abutment  of  bri  Ige  Na  242  of  the  West  Shore  R.  R.,  crossing 
Chuctennnda  Creek  at  Amsterdam,  N.  Y. 

Near  Akin,  N.  Y 

A  crovs  cut  in  top  of  iron  bolt  in  coping  on  east  wall  between 
the  two  kM.ks  of  lock  No.  2^:*  of  the  Erie  Canal.  This  corre- 
spon  s  to  bench  mark  No.  24a  of  the  United  States  Lake  Sur- 
vey, e'cvatiou  2NI  4ii. 

Near  i'ort  Hunter,  N.  Y 

A  S(iuare  cut  on  the  east  corner  of  the  coping?  on  the  south- 
west end  of  the  northwest  abutment  of  first  oridge  over  the 
Erie  Canal  ea>t  of  lock  No.  2»,  and  alxmt  1  mile  east  of  Fort 
Hunter. 

At  Fort  Hunter,  N.  Y 

A  square,  murked  *'  B.  M. ."  cut  on  lower  course  of  the  extreme 
soiithwest  corner  of  the  northwest  side  of  the  Erie  Canal  aque- 
duct over  J-choharie  Creek. 

Near  Auriesville,  N.  Y  

A  square  cut  on  the  west  end  of  west  wing  wall  of  north  abut- 
ment of  bridge  over  the  Erie  Canal,  about  2,000  feet  west  of 
West  Shore  R.  R.  station  at  Auriesville. 
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Part  I— Continued. 
BENCH  MABKS  ESTABLISHED  IN  THE  MOHAWK  VALLEY,  ETC-Contiimed. 


Description  of  locsticKa. 


Near  Fultottrille,  N.  V 

A  polut  i-ut  OR  thi3  fare  of  tbe  moctt  westerly  flton^^,  about  S 
feet  from  the  cnrm^r,  of  the  tit^t  roursp  of  the  west  wmy  wull 
of  the  Durth  ahatmeot  of  bridge.'  over  t\it:  Erie  CAual.  The 
bH4|ju  iH  tbB  third  &a»t  of  the  MAin  Strt-ut  Bridge  at  Fnltoti- 
vlNe,  am!  in  ubont  IJW  feel  from  thiii  bridge, 
AtFultanville,  X.  Y  -...--.. --.,^     .  _.,  ,„ 

A  fHiaaro  nut  i>ti  the  toji  nf  projt* I'tion  on  the  face  uf  the  fourtli 

ijtoiie  ot  the  Aeruiiij  uimrise  ou  the  went  end  of  the  north  abut- 

111  eut  ot  the  flr^t  liridge  r>\-i?r  the  Eni>  Canal  wv^t  of  the  Main 

street  BHdi^eat  PtiU«mviUt>.  N.  V. 

Bt^twe^^n  FulKuiYiUr' ntid  Y«l*s?*viili»,  N.  Y     ^^..... ......... 

A  proJei'tLiit;  ^oliit  on  thu  iij^per  wv«t  o^irner  on  the  tnc#  of 
thi)  HUHTimd  stcini^  fmrn  thi*  we-'t  c^jnn?r  of  tb<?  wtjwt  wiiitf  wall 
of  the  north  nbutiuent  of  tbe  ^taI  bridge  eroaattij?  the  Erie 
t'^tjulca^t  of  thr-  Erie*  t'atiat  u'lUtHJtuet,  arnjut  *t  iniiu*  wwt  of 
Fvilt^inville,  N,  Y. 
XoiLr  Downing  Station^  N\  Y ..„._.   _._ _, .   ..       .  .,,, 

The  top  of  Hii^all  tirfijectiim  on  the  tlrvt  tx>nrr4«  of  inaBrmry. 

at  tht^  au>(fle  of  ilw-  east  winfp  wall  with  the  fai^e  of  tbo  tiorth 

abutment,  on  the  flr^t  bridgi'  o^'er  the  EHe  Catialea»t  of  Down- 

injT  station,  N.  Y, 

Near  Duwninff  >  tiUion.  X,  Y . , ,,. 

A  Hyuare  int  on  the  ^tath  west  romf^rof  I'o^^lnir  on  EHe  I 'anal 
atjneduct^  about  ;i.,'luo  let-t  w^Ht  at  station  of  Wtwt  Shore  R,  It. 
at  Downing,  N,  Y. 
Bet wet^ii  Downing  nnd  i^{»ral£erH,  \' ,  Y . , . . . , 

A  ^^imr^  i-nt  on  tht*  n^prthe^ost  part  of  tbe  north  went  wintp  of 
the  Tforth  wall  of  tbe  Hk.'(:(jnd  EHq  Cutial  ^[uoduet,  went  of 
DuwTdng  St«Ltion,  K-  Y.,  and  alHuit  n^  mileti  from  this  fitatioOn 
KearSjirak^^rsi,  N.  Y.  .   ....    .... ...._.,,..., .^, 

A  tHjint  on  thti  Uvrv  of  tbe  neixind  stone  from  the  eaut  end 

in  tbe  tlr^t  armrse  of  tbe  etmt.  winj^  of  tbe  north  Itbutment  of 

thp  flrMt  liridgw  oTpr  the  EHe  CaQal  i*ft.*it  of  lock  No,  ^l  at 

Sprakers.  X.  V. 

Near  SprAkers,  N.  Y ,  „ , , . , , . . 

A  wiuare  rut  on  the  middle  of  the  face  of  the  flrat  ntone  irom 
tbe  east  eml  in  tbe  tlr»t  ctntr«e  of  the  east  wing  of  the  north 
abutmi^nt  of  tln^  third  bridge  orer  the  Erie  Canal  we.*4t  of  the 
Krie  Canal  a^neduct  at  Sprakem,  N<  Y.»  and  al>n{)t  I  mile  from 
thi«  ^iqu*Hliirl. 
At CatiajohHrle,  N.  Y''. ^ ,..., ., 

A  i^r'»*H  eut  otx  tbe  r^imer  f>f  atvme  Ht  the  east  corner  of  the 
iie«ond  cour^o  of  t^tonea  frnm  the  tofj  on  the  »oiith  fiLee  of  the 
fttooe  foundation  of  the  old  tiftrn  tjear  tbe  uptwr  footbridge 
aero**  the  Erip  Canal  at  Canajohark.  N.  Y.  Thin  c5i  irreHpotidft 
to  beue^h  mark  No.  Jil  of  the  Cnitt^d  Estates  Ijake  Survey,  ideva- 
tloQ^lfi.oi. 
Near  Fort  Plain.  X.  Y , _ 

A  i^oint  drervied  mjuare  on  tbe  top  of  the  east  corner  of  tbe 
.«ieci.ind  f'oiir»e  {>f  niaaonry  of  the  aoutfaead^L  wing  of  the  north- 
e*uit  abutment  of  the  flmt  bridge  over  tbe  Erie  Canal  east  of 
the  «tw.d  skew  bridge  of  tl>e  Weat  Sbore  R.  H.  at  F<>rt  PtalD, 
K.Y. 
At  Fort  Pbiin,  NY............. ..._ ...   

Uu  the  extreme  south  earner  of  the  southoaBt  capstone  at 

the  1^1  d  f>f  isoutbeant  wing  of  tbe  northeast  ahntment  of  the 

first  bridge  over  the   Erie  C<*nal  wpwt  of   tbe  River  Street 

Bddite  *t  Fort  Plain.  NY. 

Near  St,  Job  nftville ,  N .  Y _ , , . . , . 

A  Kiiuarc  rut  ou  tb*  south  corner  of  tbe  capi^tone  of  the  ttonth- 
east  wing  wall  of  tbe  nort beast  abutment  of  the  flrfit  bridge 
ovf  r  tlie  Eri«  Canal  va»t  of  loc^k  No.  ^,and  about  U  milefi  east 
of  St.  Jobn^ivSUe. 
Near  St.  John** ^ille.  N.  Y, . 

A  point  in  hollow  of  face  of  tbe  *e<?ond  Htone  In  the  neeond 
course  of  tbt*  eAmt  wing  of  tht!  north  Libutnu^nt  of  the  first 
bridge  nvf*r  tbe  Erie  Canal  ea-^t  of  the  St.  J.  ►liTi'sviliM  sttition  of 
the  Wemt  Shore  R.  R,  Tbifi'  i^irredpfiod^  with  butich  mark  No, 
34  of  the  United  States  Latte  Survey,  elevation  t^). 
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Part  I— Continued. 
BENCH  MARKS  ESTABLISHED  IX  THE  MOHAWK  VALLEY,  ETC.— Contiinied. 


Description  of  location. 


At  Mindenville,  N.  Y 

On  the  Mjutboant  corner  of  the  \H)tU)jn  «tep  of  the  east  win^r 
wall  of  the  nortli  abatinent  ot  the  first  briago  crossing  the 
Erie  Canal  ea8t  of  lo<>tc  No.  <U. 

Near  Mindenville,  N.  Y 

The  top  of  the  projecting  point  of  stone  in  the  Bectond  course 
of  the  northwest  winjc  of  the  north  ointment  of  the  third 
'    bridge  crossing  the  Erie  Canal  west  of  lock  No.  JU  at  Minden- 
ville. N.  Y.    This  corrcsp^mdR  with  l.ench  mark  No.  iVta.  of  the 
United  States  Lake  Hurvcy,  elevation  328.76. 

Between  Mindenville  and  Indian  Castle,  N.  Y 

A  wiuare  cut  on  the  east  corner  of  the  and  stone  in  the  third 
course  of  the  southeast  wing  wall  of  the  northeast  abutment 
of  bridge  crossing  the  Erie  Canal  opposite  the  entrance  of  Ea.st 
Canada  Creek  to  the  Mohawk  River. 

At  Indian  Castle,  N.  Y 

A  stjuare  cut  on  the  southeast  corner  of  the  most  easterly  cap- 
stone of  the  short  retaining  wall  at  the  north  end  of  the  east 
wing  of  the  Erie  Canal  aqu(;duct  at  Indian  Ca-^tle,  N.  Y. 

Between  Indian  Castle  and  Little  Falls,  w.  V 

A  sciuare  cut  on  the  southeast  corner  of  the  capstone  on  the 
east  end  of  the  east  wing  wall  of  the  north  abutment  of  bridge 
crossing  the  Erie  Canal  at  a  point  al>out  tKM)  feet  north  of  the 
HerkinK  r  inonument. 

At  Little  Falls,  N.  Y 

A  <'ross  c  n  t  on  the  top  of  an  iron  bolt  in  the  coping  of  the  south- 
east end  cf  the  northeast  wall  of  the  northeast  lo<;k  of  lock  No. 
36  of  the  Erie  Canal.  This  corresponds  to  bench  mark  No.  37  of 
the  United  States  Lake  Survey,  elevation  343  W7. 

At  Little  Falls,  N.  Y 

A  square  cuton  the  south  corner  of  capstone  on  the  southwest 
end  of  the  southwest  wing  of  the  northwest  abutment  of  bridge 
crossing  the  Erie  Canal  at  Bellinger  street.  Little  Falls,  N.  \ . 

Near  Little  Falls.  N.  Y 

A  circle  cut  on  the  southeast  corner  of  capstone  on  the  east 
end  of  the  east  wing  of  the  north  abutment  of  second  bridge 
crossing  the  Erie  Canal  west  of  Bellinger  Street  Bridge  at  Little 
Falls,  N.  Y. 

Between  Little  Falls  and  Herkimer,  N.  Y 

Top  of  coping  at  the  corner  of  the  west  wing  wall  of  the  north 
abutment  of  the  first  bridge  crossing  the  Erie  Canal  east  of  hx'k 
No.  M).  This  corresiX)nds  to  t)encli  mark  No.  .'Wa  of  the  I'nited 
States  Lake  Survey,  elevation  37K.77. 

Between  Little  Falls  and  Herkimer,  N.  Y 

Across  cut  on  the  top  of  the  end  bolt  through  the  north 
branch  of  iron  collar  of  the  northeast  gat^  of  the  north  lock  of 
Iw.k  No.  H)  of  the  Erie  Canal. 

Near  Herkinn  r,  N.  Y' 

A  square  cut  on  the  southeiist  corner  of  ra]>stone  <m  the  east 
end  ot  the  east  wing  wall  of  the  north  abutment  of  the  second 
bridge  over  the  Erie  Canal  east  of  lock  No.  41  of  the  Erie  (^anal 
at  Fort  Herkimer. 

At  Herkimer,  N.  Y 

A  <ross  cut  in  a  circle  marked  "  U.  S.  l).  W.  B.  M."  on  the  top 
of  the  masonry  near  the  northeiist  corner  of  the  north  abut- 
ment o"  the  First  Street  Bridge  at  Herkimer,  N.  Y. 

Atllion.  N.  Y 

Top  of  covering  stone  of  masonry  of  northwest  corner  of  cul- 
vert at  southwest  wing  wall  of  the  south  highway  bridge  over 
the  Mohawk  Kiv«  r  at  llion,  N.  Y. 

At  Franktort,  N.  Y 

Top  of  tlienorthwe.st  corner  of  water  table  of  pila.ster,  at 
West  Shore  R.  K.  roundhouse. 

At  Franktort,  N.Y 

On  top  of  projection  of  stone  in  >K)ttom  course  of  stones  on 
the  southeast  corner  of  the  northeast  abutment  of  the  first 
bridgr^  crossing  the  Erie  Canal  east  of  lock  No.  45  at  Frankfort. 
Thi.*?  (;orresp<mds  to  bt*nch  mark  No.  41  of  the  United  States 
Lake  Survey,  elevation,  419.34. 


S1.8t 


ns.fifi 


MA^ 


m.^l 


m.m 


Il 

ll 


33 -Mk  ' 


ftj.l» 


W.39 


W.13 


101.  i»»  I 
1(H.66 


»i»t.a 


Sl4.»s 


nH.H7 


afijNi 


:ts.ft» 


:)r!ri.58 


no.73  I      3«1.89  I 


364.:^ 


I 


387.17 
870.86 

374. «« 

8?2.70 

;»7.9-i 
4r»4.^^^ 


o  ee 


:i22.74 

;j29.oi 

32P.W 

:<K.73 
.87.65 

344.80 

378.31 
378.62 

87R.07 

381.90 
385.59 

389.41 

3K7.43 

402.65 
4n».  58 


1022 


DEEP   WATERWAYS. 


Part  I— Continued. 
BENCH  MARKS  ESTABLISHED  IN  THE  MOHAWK  VALLEY,  ETC.-Oontinued. 


Dercrf ptloa  of  location. 
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Betwpvn  Ulk-a  unrt  Frankfort..-- - - .  .. 

A  ci!>iti:i*?r  nail  in  rmtt  of  wiM  cberry  trt*e  About  6lW>feet  Bouth- 
eujit  of  luikpt^t  i!i«*  from  BufifftJo  cti  N  V.C.and  H.  R  B,  H. 

Betwet-n  Uii^'a  and  Frankfort  — .^..,,^... 

A  toiiTKr  nfliUn  root  of  tree  alxjut  fai  ftwt  oorth  t>f  north  rail 
«f  th<5  >i .  Y  (.'  mnl  H,  R.  R.  U.  nod  2ihi  f ectetuit  of  culvert  No.  4Wt. 

Near  Utu'K.N'.Y .„ 

A  coitjwr  tmil  lu  ro<>t  of  elm  treeab*>ut  &n  feet  iiortb  or  nortlj 
bank  of  Molmwk  KlTi^rand  abejut  J^XMt^^t  unrtbennt  ( tmjn  Imrtb 
end  of  railriwic!  brii^lj^^  ovt-r  Mobawk  Ki\'er  ou  tlia  JBlock  River 
Branrh  of  the  K  Y.  i^  adiI  H.  R.  R.  B. 

At  (>riiskaiiv,X,  Y,„.  .r^„, . , ..^*, 

A  chopper  Lolt  flufth  with  maaiini')'  uti  mnithwi^nt  ci^iier  i^f 
north Wht^Kt  rjouttttt  ^tnne  ot  wiDf  wall  of  Orihkauy  aqueduct^ 
and  niark.  d  "^  B.  M  Wr    ' 

Between  Romu  and  Orltkany . . , . 

Top  ot  tbe  fi4>iitUwoMt  ciirner  of  the  #>toite  foiiadACitm  of  mHu- 
pcjflt  1*411  from  Nf^w  York  aud  IH4  from  BnffaUMjf  the  N.  Y.C  a^d 
H-R,  R-R..,alK>ut  Ijt  niik*B  wtfft  tifOriskany  mtatiou- 
Betw^en  Rome  and  OHMkatiy  .... _ 

Top  r-f  th?  i^ovithweifit  epirttt.^T  of  the  et^t  atmtinent  of  bridjfe 
No.  iSS*  of  the  N .  Y .  C .  an  d  H.  R .  R.  R ,  Ps  jln  t  ou  m^v m  ry  alKJ  ve 
l»ridtfe  heftt,  al^Jut  1  fot;it  below  to]i  of  rail  and  b  feet  iM>uth  of 
»iOUTb  rail 

At  Rome.  N  Y.- 

A  copper  onlbio  root  i»f  elm  tree  nUiUt  SO  feet  e*at  of  e«i*t 
!in*>  ^t  Law'f^jice  Htre^t.Honie.  N.  V,.  aod  about  WlO  leet  north, 
measureit  al^ou^  Htreet  from  center  of  bridge  cro«Aliiff  the  old 
Erloi'atial. 

At  Home. N,  Y...... ,,...... ,,._»..,,._ , _.., ,,.., 

To]t  of  tbe  suuilit3ii»t  uomer  of  tUp  uia»cnry  abuut  1  foot  be- 
low top  of  rnlJ  of  hridife  of  the  R..  \Y,  *s.-  O.  R,  K,,cro*"Rin»f  tlgh' 
vray  about  1  mile  wt^nt  of  Eomti»  NA\»Tipar  tho  B^et  SiUitAr 
Co.'fl  buUditigflr 

Between  New  Loudon  aiid  Rome.  X*  T,  ...      ,,„..,,. 

A  ropjH^r  II nil  ill  root  of  elio  tree  ou  the  noatU  lilde  ot  the 
auBfie  m  tbe  blirhwar,  and  ttUiut  6''i" feet  ©;i»t,  in«^^ur(*d alonjs 
the  hitfbwiiy  fro  en  the  eu^t  aide  of  the  bour^  t^f  Mark  Thn^u 

At  New  Lt>uiJon,  N.  V. . ..._„_ 

A  caifpr  TiRil  in  r  n't  of  Larj^e  vim  tree  iu  hi^bw&yi  ab^mt  ir^ 
feet  hissith  of  tbe  in^-rsectl^m  of  hlKhwayis:  nl ho  about  l.iiftfi  fpet 
&nutb  of  bl^rbwiiy  b.  idj^o  rro^i^iuft  AYwjd  (u'rt:'ek. 

Between  8il  van  Bi'ttoU  ami  Nt^*- London., .  ,     ...  

A  rnpper  nnil  in  south  rorit  of  huuiU  tre.'  hi  aouth  turner  of 
woo^la  ou  the  ]irojierty  of  AV.  Warner.  aUiut  HJii  fret  *'»pit  ft 
Drm:i  Oerk  and  attoot  Tim  ►  feet  weest  of  east  line  of  the  W,  War- 
ner pn.t'H-Tty. 

Near  Sybil  u  Bi^ftrh,  K,  Y ...  ..        ...........  ...... 

A  cn:.j>er  [uiib  lu  root  of  tree  about  tO  feet  eajit  of  ea.Ht  HRht* 
of -way  line  r  t  tb**  N  Y.,  i  >.  &  W.  R .  R..  imd  aliOut  IJQ  ^eet  sou  th- 
went,  oiea  Tn-fdakm^  the  railroad  from  the  wimtii  end  of  the 
railrnfirl  briLlgecrofwicg  Fish  Creek,  ttljout  ont^-half  mile  east 
of  rtylvim  Bvneh,  N,  Y. 

Noar  Norib  Hny^N,  Y..... , ,..  „  „_., 

A  c'o^  pi  r  unit  In  r<»ot  of  oak  tree  :£  feet  iu  diameter  12|  fe«'t 
north  of  jiorth  rljcht  ofway  line  of  K.  Y,.  O.  and  W.  R.  R,  and 
IjKTft  fef?t  e^»t  of  mitepoat  marked  ^'2^.** 

Cleveland. X.  V  .    ...  ,.* ,..  .      .,, .,.,,,. ,,,. 

A  c'opiir  uniLiu  rot^tof  iimji^o  tree^f  feet  iu  diameter  JllO  feet 
weat  of  &i.<co:]il  b!f;bwr.5''rro?iHintf  the  N  Y.,0.iiud  W.  R  B.  west 
of  rallrc^ad  sLUnv  niidi^l  le  t  wo!?t  o£  mlieiHKHt  marked  '**fffi," 

Near  Couatautui.N.  1  - . .  ^.,.-, ,^.-.- . .        .... 

A  coj^per  nail  iu  ro*:jt  of  cbeatnut  t^-ve  *I  t*:vt  iu  diauie^er  LS 
feet  norih  of  uorEh  riglit-o:'Way  br.e  *  f  tbe  N.  Y..  O.  and  W, 
R.  H.  {it)d  ^^1  feet  ea^t  of  railroad  and  highway  intenwctiou 
about  one-half  mile  went  of  (.'oni^tantla  Raiirtiad  Station. 

At  Bre w#rtoUt  K^  Y ....,.,,.., — ,  , 

A  coppi^r  nail  io  nn^t  of  elm  tree  on  thu  uortb  ]>auk  of  the 
Oneida  River  about  one-lialf  toUe  eivi^t  ot  tbe  btKbway  bridge 
and  alnut  150  fepet  aoutbeaat  of  the  bouse  of  Dr.  UberJaoder. 
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Part  I— Continued. 
BENCH  MARKS  ESTABLISHED  IN  THE  MOHAWK  VALLEY,  ETC.-Continued. 


BsKHptiotx  rtf  If  j<»tlon. 


Ne«r  **  Hifib  Banks*'*  H<»nth  uf  CstigUtlenyy*  K.  V   ......... 

A  enpiier  nail  in  rtKit  of  ttlni  tree  tm  the  ^At*t  lank  of  the 
HneidA  Riv^r  and  t  ti  th**  iveat  wide  tif  tLl«  Li^'hway  .iljurut  i^iCi' 
feet  iiortb^rly.  meviUr(?4l  im  hf^h  wu^.  f n>iii  t^'tv^  lou  btidgt^  over 

Oq  BuiJii  Rid|{t^ — ,...,.  -,...,, — ,...,,,,   ..  ,^,. 

A  vr{]<iier  haH  in  root  of  elm  tree  on  iirotierly  Line  between 
J.  Ray  mid  t  *  Brtt#h)mh«u  iunl  nlxjtjt  IJ  m  feet  ^vpHteHy  of  high- 
•vftij.  inen^urec]  alonit  pro}j*rty  hue, 

Biitween  IngaKa Crnjwiinf  ntid  t*uutl  Ki[l(pe ..., -... 

TniM'f  iiiHSTjiiry  of  northwest  cortii.'^r  <  f  nmth  iibulnieut  of 
bitfbwuy  ljd4nt*  croii«itii<  Bell  t'n^ek  about  is  >  iv^i  ^uxixlmaii 
itt  hoUMf  fif  G   Hollenbeclc. 

Kear  iHyiil'ftlfo^ifllnif  ,„„.  „._ — .- —        ... 

A  tripijer  uhIL  In  root  nf  trt"e  alnnit  tSii  f*f«t  north  at  north 
right  of' way  line  t^f  N.  V.,tl  and  W,  R.  H,  and  nbonc  :^»ft-et  west 
(jx  lijie  fi.*Dce  lK.*tweeii  Cbapnutn  fsttttu  MiA  A.  WoWvor;  alflo 
alK>ut  •L4III9  tvC'l  west  of  west  head  Miri^k  of  ^idin|;  at  fni^alLa 

AtPbii-nis.X  Y 

A  L'0]))K'r  oajl  Ui  nrntt^f  <irtk  tret*  lot ji ted  aU{>ut  i.Vift^et  south- 
wewr  in  tb**  direction  uf  highway  Iroui  the  intenwctfon  of  hl^h* 
wftyn  aUmt  I'^M  fitft  eii*\t  *jf  hHd^i!  uiit^j-  Bramly  br-ok  nnd 
nlfrmt  J.vi  fppt  Ronthea»t,  at  right  anirl**fl  to  highway,  irifna  thin 
highfi^ay;  qI^o  i^ljout  iTid  ft*et  north  i»f  north  eijgu  o£  i7>^Wf  gu 
Canal. 

At  HiumanrIKe,  N.  Y ,.. . ._ „..,    

r^kpl^i*  y»fit,  tluHh  with  masonry',  between  anchoTH  on  lower 
h'^lniw  r|U4'Jin  I  tnwLtatU  Hide  k  of  lock  No.  0,  Ufiwego  Canal. 

BetweeEj  Fultun  atjd  Hlnnianvilkv  N.  Y ...,, 

(  !>I-pt.*r  holt,  flufth  with  maM*ni-y,  ljetwt?en  anchors  on  middle 
holli>w  oiJinri  t  t**wjwith  nid**^  of  lock  No.  7»  Onwego  Canal. 

At  FuUnji.  N.  Y  ......  ..  .  . 

t*opper  hoH,  flunh  with  mawinry^  on  flntt  att*i>  of  e^juth  wing 
wall  of  vtift  abutment  of  hiij^hway  bHdge^on  Nortli  FiTvi  BtntHet. 

Between  Mlii*?ttfjA»d  Fullon  — ,....,... „ 

Cop^H^r  IpTilt.fluHh  wUh  mni^mry,  between  anchormou  middle 
boliij  w  <|tioi  n  i  to w})ath  sill?  y  of  g-uard  loi'k  No.  *»  Oawegn  Cutial. 

At  Mlnctto.  N,  Y 

Cotjper  Ixrilu  liu»h  with  maHomTt  between  anehor^  nn  unrtb- 
eant  Inwor  hollo w  qnoJn  itow|>ath  aide  >  of  lock  No.  1^],  Oawogo 
Canal. 

Between  (ja wego  irnd  Minetto.  N.  Y  -,.,,........,.  „ 

Copiier  bolt.  Hush  with  inafitonry^,  hetweyn  anchors  on  north- 
past  low^r  hollow  quoin  ctovriJAt  b  ftido;  oC  lock  No.  Uk  O«wego 
Cunnl. 

AtOawego.NY ....*., ....  .    .      ._,.,„„. 

Top  of  iroti  boltitl  toji  of  maHooty  of  old  Oott^rnment  pier  at 
tlje  focit  of  West  Thinl  street,  (^r^ foot  fromeMME  fftte  of  pier*  S,h 
tvet  nnrtl]  nif  THTtb  IJin"  of  wo4)Jen  ilof'^k  leading  to  l^oathonse. 
Br>lt  Ik  fiiLiik  <  ^rt^^  hn\  (  Uu-.h  ^»elow  top  of  masonry-  And  the  letters 
"U,  S/  ttrt^  olilitv rated  by  frewb  ma«otjTT.  This  corrpsponda 
to  bench  murk  ''"A'  '{O&wago)  of  tke  Uniti^u  8tate«  Lake  Sum>y, 
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BEN(?H  MARKS  FROM  WATERFORD,  N.  Y.,  TO  PORT  HENRY,  N.  Y.,  ALONG  HUDSON 
RIVER,  D.  &  H.  C.  CO.'S  R.  R.,  AND  LAKE  CHAMPLAIN. 


At  Waterford.N.  Y 

Bench  mark  is  an  arrow  cut  on  Houthwest  corner  of  bridge 
seat  of  north  abutment  of  D.  and  H.  R.  R.  bridge  over  the 
fourth  branch  of  Mohawk  River. 

At  Waterford.N.  Y 

Bench  mark  is  a  square  cut  on  south  end  of  stone  doorsill 
west  entrance  of  D.  and  H.  Canal  Co.'s  R.  R.  passenger  depot. 
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Part  I— Continued. 
BENCH  MARKS  FROM  WATERFORD,  N.  Y.,  To  PORT  HENRY,  N.  Y.,  ETC.-ContinDed- 


DeMcription  of  l(M:ation. 


3.5ml1e'i  north  of  Waterford .. 

Bench  mark  is  a  square  cut  in  east  end  of  stone  window  sill  ■ 
of  west  cellar  window  on  south  side  of  (ieorge  S.  Force's  road  j 
house.  Building  is  on  oast  side  of  Waterford  and  Whitehall  i 
turupik*  road.  I 

Mechanicvillo 

Bench  mark  is  a  square  cut  on  north  end  of  stone  window  sill  i 
of  the  inost  northerly  window  on  west  face  of  Hadson  River  | 
Power  Transmi.ssion  Co.s  power  house.  i 

Mechanicvillc I 

Sfjuare  cut  in  surface  of  concrete  inasonr>'  of  sluice  gates  near  : 
southwest  corner  of  same  and  at  west  end  of  weir  of  H.  R.  P.  T. 
Co.  's  dam. 

Mechaiiicville ' 

Ben<h  mark  is  8(iuare  cut  near  south  end  of  sill  of  Imsement  j 
V  indf»w  between  tower  and  main  entrance  of  Presbyterian  I 
<"hurch,  on  Main  street.  *  , 

Mechanicville 

Xoti'h  cut  on  angle  of  stone  water  table  northeast  corner  i 
of  main  building  of  Methodist  Epi.scojial  Church,  Main  street. 

Mechanicville ' 

Sciuare  cut  on  north  end  of  stone  doorsill  of  south  door  on 
west  iront  of  chipping  mill  at  Duncan  Co.'s  pulp  and  paper 
mills. 

Between  Mechanicville  and  Stillwater         

Bench  mark  is  head  of  b<)lt  at  Iwi-se  of  first  south  «*olumn  just 
east  of  electric  railroad  tracks  at  west  end  of  Fit<'hburg  R.  R. 
bridge  crossing  Hudsim  Kiver. 

Stillwater 

Is  square  cut  on  large  flat  stone  step  at  entrance  of  PMrst 
Meth<M-li»t  EpiscoiMil  ( 'hurch.    Siiuare  is  on  south  end  of  stone. 

Between  Stillwater  and  ftc!)agticoke 

Bench  murk  is  a  spike  in  lH*nch  cut  in  root  on  west  side  ot  elm 
troe.  The  tree  is  on  the  right  1>ank  of  the  HcMisick  River,  alxmt 
2<Hi  feet  from  water*s»>dge  in  main  channel  and  about  1,«KM)  feet 
downstream  from  the  mouth  of  the  Tourhanno<<k  Creek. 

Bemis  Heights 

Is  top  of  iron  lx>lr  leadtMl  in  southeast  corner  of  top  stone  at 
north  abutment  of  sluieo  gate  of  t'hamplain  Canal.  Sluice 
gate  is  near  inai  trus8  c;inal  bridge  No.  'M. 

Bemis  Heights 

Bench  mark  is  W|uare  cut  on  southwest  corner  of  stone  m 
lower  course  of  sou«h  end  of  east  abutment  of  iron  truss 
canal  bridge  No.  ."W  and  about  5,0(li) feet  north  of  Bemis  Heights. 

Wilburs  Basin 

B<»nch  mark  is  stiuare  cut  on  southwest  corner  of  stone  at 
north  end  of  semicircular  coping  on  stone  work  of  outlet  of 
basin. 

Between  Wilbur's  Basin  and  Cove ville 

Bench  mark  is  a  circle  painted  with  red  paint  on  northeast 
comer  of  toj)  stone  on  east  end,  north  abutment  of  sluice  gate 
on  Chaini>lain  Canal.  1.7  miles  north  of  Willmr's  Basin,  estal* 
li.shed  by  Cnitod  States  (Geological  Survey. 

Cove  ville 

Is  circle  cut  on  northea.st  corner  of  east  stone  ot   second 
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ourse  al>ove  surface  of  ground,  south  abutment  of  Champlain  I 
Bridge  is  al)out  1,<K)I)  feet  wist  of  Cove- 


Canal  bridge  No.  54. 
ville  post-office. 

Schuylerville  

Bench  mark  is  a  circle  cut  on  northeast  corner  of  north  stone 
of  third  course  from  ground  of  north  wing  wall  of  east  abut- 
ment of  canal  bridge  No.  W.  Ferry  street,  Strhuylerville. 

Schuylerville 

Bench  mark  is  a  square  cut  on  southeast  corner  of  stone  south 
end  <»f  second  c^nirse  of  masonry  alwve  water  surface  of  south 
wing  wall  west  abutment  Champlain  Canal  bridge  No.  62.  This 
bridge  is  on  the  road  leading  to  now  iron  bridge  over  Hudson 
River. 
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Part  I— Continued. 
BENCH  MARKS  FROM  WATERFORD,  N.  Y.,  TO  PORT  HENRY,  N.  Y.,  ETC— Continued. 


DesflrijitioD  of  Icxmtkai. 


NortlnamU^rlftrid. ...^. ..».^.. ^..^^. 

of  Urn  r'oun^f?  of  iuaif»>Dry  at  »ontli  i?nd  of  ejiat  wall  of  lock  No. 
UK  (Juaiii plain  L'ATiaJi. 
Fort  Milii^r 


BkDcb  iimrk  I.m  RJiiinrt^  cut  oa  BouCli  end  of  st^me  fill!  to  Hr^inth 
"vrinilt'vr  ta  f  font  i>r  brk^k  black^fmitb  ahop  on  rtawl  ftlde  of  lil^^h- 
way  alon^f  i^a^l  Wnk  at  Hnd»ou  Rlrer&nd  abuut  l^THifi'ct  north 
of  Tln>rp  k  WuiftnEiQti  pulp  tailh 

MoomKIU. ;. ...._„. .- 

Benrh  tuark  ia  a  wiinar©  fat  In  north weat  corner  of  notih 
atone  in  fMH-ond  ronr^^ealx^ve  ground  ofwefitabutBieiit  of  Cttam- 
pl^iti  Canal  br!.difi^  Joflt  DortS  of  ^mednct. 

Snook  Kill .  ... .„-.... 

Bt-iieh  mark  id  »  M[nare  mt  in  ntirtbeoflt  oomi^rr  uf  nortb 
Hton<?  third  oourtift  alxire  ground  we^t  a  bat  men  t  of  t^nal  brid^i" 
acroFi^  tbi^  river  .roiu  and  about  Wti  foet  eidiMii  t^t  thu  montb  oF 
an-ok  Kin. 

Fort  Ed  ward _ .„_.....„. 

l*nitHd  S^fcte^  Geological  Ih^iicIi  nmrk  is  a  uirkel  platif  al^mt 
fi  inchH!4  diameter  fitrt  in  wall  north  flide  of  we»t  eutranr^u  of 
h]gh-4,e'boal  buildinfr. 

Dnubam'tii  Beu^Jn  ........ ,. ....-_.....-......... 

Bem-b  mark  1a  tHiiiare  cut  in  north w«'H,t  unrner  of  n^etft  vtonc 
of  tbe  top  foiirwjof  miiBf Hir i' of  wmth  abutment  of  plate- irirder 
bridge  r-arrymg  D.  &:  H.  R.  R.  over  I'dnal  overflow  alKiUt  rtii 
fef^t  «"Utb  of  bleb  way  crossing. 

Smith  f!  Ba«in  ...... ..., . ...... ..,,,,.,„, 

BeneU  m^rk  in  miuare  t*nt  on  north  went  cornwr  of  we«t  utoi*** 
of  t^jp  I'ourfMJ  of  uuiBctnry  at  mntb  abutment  of  htnall  pi»t^' 
(firder  bHd^  i>n  D,  ^  U.  R,  B.  bHdt^  J  oat  north  of  railroad 
smtioor 

Fort  Ann  .^............ _.„,,,..,,  ..„ ..,,,,.., ..„..,,„, 

Betieh  murk  is  a  croHi  i-hi8€<1c>di  In  tbe  fopinf?  of  itarapet  wall 
to  Dtirtb  abutment  of  l>.  &  H.  R,  R.  bridife  m-roHM  Woud  (.'rtM]*k^ 
Croiw  1&  near  north  (?ilj?o  of  Btcnic  anrj  dtr*+ftly  oppoHiite  space 
between  the  two  brirlgea. 

Coniitti NT' k'H  p^Mit-fit!ice. , ....,..,...,,  ........  ^ 

Bench  mark  Is  e^qtmr^  cnt  hi  wjutht^ast  isomer  of  Runth  ^tom^ 

of  copiiJi?  of  culvert  and  on  east  Hide  nf  pe^h^  of  D^  #  H-  R^  R. 

jklHtnt  *^Mn.i  ft*i>t  soutli  of  sUtloti. 

BetweN*n  (.^om^t^rn-k'fl  poat-offlo.'  and  Wblt+^ball . .  ,„._„„,,_.*_.„, 

Hitnt'h  mark  is  a  aonafe  ent  in  Hontheaflt   earner  of  Atone 

aimtb  abutment  of  D.  £  IJ.  R.  R.  bridge  over  Cjhatnplaln  Canal 

on  wet*t  t*U3e  at  north  end  of  pUt*?  girder,  where  It  connect* 

with  middle  trii!=ia  of  bridtfe. 

Whiteb.111 


lieneb  mark  la  a  H<uiareriit  on  eat^t  atone  top  <;onrHe  f>f  isoutb 
abutmtjnt  eanai  ulitiice  IsliKJ  fi*et  tionth  of  brldgi^  of  Hntland 
Branch  D*  &  H.  R,  B,  over  cauaL 

Whitehall ....,..„.,..„. 

L^  tilted  WtateH  i'tiaat  and  ticodtitlc  beach  mark  No.  3iV  i»^  a 
circle  onttjo  weet  wall  of  lower  lot'k  juBt  north  of  boUow  QODiti 
of  lower  tfate  ami  md^ktMi  "^U-  R.  Const  i^arvey  Elev-.-imrTi." 

Whitehall ..,. .,,.. 

In  aqnare  t:nt  on  <«hHf  of  riK^kabiPUt  I  ft>ot  alH^vu  M^ound  in 
eiiHt  Hide  of  M!food  rot^k  rut  north  of  tbo  town  near  tlie  middW* 
of  the  en t.  The  rrtck  wall  Is  marked  1  foot- abovt^  T>encb  mark 
hy  cbiHeled  letters  "U,  H.  B.  M  '* 

Snody  Doi^k      . ,._...._»„„,... „ 

Be  n  rb  ma  rk  la  a  t«|  nnre  co  t  onu  ort  b  weet  come  r  <»f  north  irtime 
of  coplny^  of  culvert  and  i^  on  wet*t  Miile  of  roadbed  rif  D.  &  H.  t 
H.  R.,  alKJUt  ijm  feet  sontli  of  Howly  Dock, 

ChnbVa  Dot^k ...... . , . ,, ,. , , 

B^-^nch  mark  lamiuar^^trnt  on  Houtbea.'^t  corner  of  eawt  lar)i(e 
iiitone  at  top  courtM^  of  ni.»rtb  abutuient  of  ^imall  fdatirglrdv^r 
brldtft^  Nit.  ft  on  D.  At:  H.  H.  R.,  aliout  ¥Mi  feet  north  of  station. 

Dresden  .St^Uiou... ...._,._.. _,,,,_._, .,._... 

Bc?ncb  mark  h  scinare  cat  on  aoatfaweat  corner  of  aonth  atone 
of  oopln^  of  arcb  cnl  vert  cm  weat  aide  of  roadbed  of  D*  &  H.  R  H. 
Culvert  la  aliout  l.yotl  feet  jn^rth  of  railway  atatioo. 
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Part  I— Continued. 
BENCH  MARKS  PROM  WATERFORD,  N.  Y.,  TO  PORT  HENRY,  N.  Y.,  ETC. -4>>q tinned. 


DeHcription  of  locntion. 


3  *?  °  s 

.^  'i:'  JS  j= 

O 


Putnam  Station 

Bench  mark  is  cut  on  \odge  of  rock  on  the  west  side  of  railroad 
track  near  the  north  end  of  the  first  rock  cut  Honth  of  the  Hta- 
tion.  It  conslHts  of  the  letters  *'B.  M."  ancl  a  crofw  and  circle 
chiseled  into  the  r<x;k.  This  l)ench  mark  was  established  by  the 
United  States  Coast  Survey  and  numbered  3»,  C^oast  Survey 
Elev.  -  KIK  m. 

Putnam  Station 

Bench  mark  is  square  cut  on  southeast  comer  of  south  stone 
of  coping  west  face  of  larflre  culvert  on  D.  &  H.  R.  R.  about  l,HOf) 
feet  north  of  station. 

Wright's 

Bench  mark  is  square  cut  in  northeast  comer  of  second  course 
of  masonry  from  top  south  abutment  of  bridge  No  1«,  D.  &  H. 
R.  R..  alH)ut  l,Ha)  feet  north  of  Wright's  SUtion. 

Fort  Ti(^onderoga 

Bench  mark  iss<iuare  cut  on  southwest  corner  of  masonry 
proj»M"tion  of  water  tank  south  of  Fort  Ti<^nderoga  depot. 

Ticonderoga 

Is  circle  with  hole  in  center  in  large  stone  on  southeast  cor- 
ner of  north  abutment  of  D.  &  H.  R.  R.  drawbridge  No.  in 
over  Ticonderoga  Creek  near  its  mouth.  Bench  mark  is 
marked  "  V.  S.  G.  S.  B.  M." 

Between  Addison  Junction  and  Crown  Point 

B«»nch  mark  Ls  a  square  cut  on  southeast  corner  of  east  <'op- 
ing  of  culvert  on  D.  &  H.  R.  R.  over  creek  entering  I^ake 
<.;ham|)lain  aliout  2,r!l)U  fwt  south  of  Five  Mile  Point. 

Crown  i*oint  Station 

Bench  mark  is  a  suuare  cut  on  surfac4>  of  coping  south  end 
of  east  winff  wall  of  south  abutment  of  bridge  No.  *£\  on  D.  & 
H.  R.  R.  bridge  over  Putnam  C'reek  al)OUt  *i.H(X)  feet  north  of 
railroad  station. 

Fort  Frederick 

Bench  mark  is  lead  bolt  in  <*enter  of  pvramid  cut  on  natural 
rof'k  outcrop  in  center  of  thornbush  thicket  about  l.tiOOfeet 
south  of  the  ruins  of  old  Enjjlish  fort  and  about  1.7(10  feet  west 
of  highway.  Bench  mark  is  the  north  t)ase  of  Crown  Point 
base  line  and  is  marked  •'  IT.  S.  C.  S.  Base  Line.  1872." 

Crown  Point  Light  House   

B<inch  mark  is  square  cut  in  masonry  on  the  east  side  just 
south  of  corner  of  serond  course  a}>ove  ground  of  light-house 
at  Crown  Point 


11 

So 


88.4 

89.0  I 

I 

»3.5  I 

95.0  I 
07.8 

101.9  ' 
106.5  I 

110.3 


U7.41 


*S5 


-45 
-1 


92.89 

io7.es 

91.58 

106.26 

9:).  89 

108. 6S 

1:4.83 

100.56 

95.  «3 

110.36 

9:{.14 

107.87 

9!l.«7 

114.40 

1(12.14 


110.4  I      116.  ()9  !        130.82 


I 


BENCH    MARKS    ESTABLISHED    ALONO    LAKE    CHAMPLAIN    BETWEEN   COOPER- 
VILLE  AND  FORT  MONTGOMERY,  N.  Y. 


At  Coowrville,  N.  Y  

Tno  center  of  a  square  cut  in  the  southwest  comer  of  the 
coping  stone  on  the  southwest  comer  of  the  center  pier  of  the 
Delaware  and  Hudson  R.  R.  bridge  over  the  Great  Chazy  River 
near  Cooiwrville,  N.  Y. 

At  Legget's  Crossing 

A  point  in  square  on  iron  pin  in  coping  stone  (m  the  west  side 
of  Delaware  and  Hudstm  R.  R.  track  2  feet  went  of  the  west 
side  of  opening  and  «  inches  biick  from  north  edge  of  culvert 
alxnit  8«Ji)  feet  south  of  Legget's  Crossing,  which  is  about  1.5 
miles  north  of  Cooperville,  rJ.  Y. 

At  Rouse  Point,  N.  Y 

On  the  water  table  on  the  north  side  of  the  C^hapman  Block 
building  20.rt  feet  west  from  the  northeast  corner  on  the  west 
side  of  Lake  street  and  on  the  .'ujuth  side  of  (Chapman  street, 
and  is  1.6  feet  alwve  the  ground.  This  corresponds  to  the 
bench  mark  cstablisheii  at  Rouse  P«)int  by  the  united  States 
Coast  and  Geodetic  Survey,  elevation  110.06. 

At  Fort  M«)ntgomery,  N.  Y 

Level  of  the  Ijase  of  scarj)  wall  on  the  north  fat^  of  liastion  B. 
Fort  Montgomery,  about  3  feet  from  the  angle  with  the  east 
curtain  of  the  fort,  and  crorrespcjnds  with  the  United  States 
Engineers'  U«nch  mark  at  this  point 
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Part  I— Continued. 

BENCH    MARKS    ESTABLISHED    BETWEEN    LAKE    (^HAMPLAIN    AND    LAKE   ST. 
FRANCIS,  VIA  CHAMPLAIN,  BARRINGTON,  ORMSTt^WN,  AND  ST.  STANISLAS. 


DeHcription  of  location. 


At  Cooperville,  N.  Y 

The  center  of  a  square  in  the  BouchweMt  corner  of  the  cooing 
stone  on  the  southwest  comer  of  the  center  pier  of  the  Dela- 
ware and  Had8on  R.  R.  bridge  over  the  Great  Chazy  River, 
near  C(Kn)erville,  N.  Y. 

Between  Cooper8viUe  and  Champlaiu,  N.  Y  

A  nail  driven  in  the  root  of  the  southwest  Hide  of  elm  tree 
3(  feet  in  diameter,  standing  on  the  south  side  of  highway  on 
the  ea.st  side  of  the  Great  Chazy  River.  It  is  about  7,5<iO  feet 
from  the  Oak  Street  Bridge  at  Ohamplain,  N.  Y.,  as  measured 
along  the  highway,  and  about  WO  feet  east  of  the  east  l)ank  of 
the  river. 

At  ChampUin.  N.  Y 

On  a  ::;  inch  stjuare  cut  in  the  top  of  the  first  step  above  the 
main  abutment  on  the  west  side  of  the  north  abutment  of 
the  Oak  Street  Bridge  over  the  Great  Chazy  River  at  Cham- 
plain,  N.  Y. 

Near  Champlaiu,  N.  Y 

On  a  1 1 -inch  square  cut  in  the  stone  step  near  the  east  side 
of  the  front  door  to  the  Champlaiu  Waterworks,  about  1  mile 
north  of  the  city. 

Between  Champlain,  N.  Y.,  and  Barrington,  Province  of  Quebec, 

Canada 

A  nail  in  the  root  on  the  w^t  side  of  elm  tree  U  feet  in 
diameter,  on  the  north  side  of  the  Great  Chazy  River,  alx^ut 
2.«  miles  northwest  of  Champlain,  N.  Y.  It  is  al)out  HO  feet 
west  of  small  creek  alx)ut  1,400  feet  north  ot  the  north  bank 
of  the  Great  Chazy  River  and  about  730  feet  south  of  the  inter- 
national boundary  line. 

Between  Champlain,  N.  Y..  and  Barrington,  Province  of  Quebec. . 
A  square,  U  inches  on  a  side  cut  in  the  top  of  a  bowlder 
about  1)0  feet  south  of  barn  on  property  of  .Tas.  Straps,  located 
about  5.6  miles  northwest  of  Champlain,  N.  Y.  It  is  about  1,960 
feet  east  of  the  intersection  of  the  highway  running  north  and 
south  with  the  road  to  Hemmingff>ra. 

Near  Barrington,  Province  of  Quebec 

A  nail  in  the  root  on  the  northeast  side  of  elm  tree  2  feet 
in  diameter,  on  the  property  of  Jf>H.  Robinson,  about  50  feet 
east  of  the  Little  Sloutreal  River  and  about  550  feet  north  of 
east  and  west  highway  about  2.7  miles  south  of  Barrington, 
N.  Y.,  and  .'JOO  feet  west  of  the  north  and  south  highway. 

At  Barrington,  Province  of  Quebe<*      

A  nail  in  the  root  on  the  west  side  of  elm  tree  2^  feet  in  di- 
ameter, on  the  west  side  of  the  highway  running  northeast  and 
southwest  through  Barrington,  N.  Y.,and  is  a»K)ut  2,400  feet 
southwest  of  the  crossing  of  this  highway  with  the  Grand 
Trunk  R.R. 

Between  Barrington  and  St.  ClothiKle,  Provin<»  of  Quebec 

A  nail  in  the  root  on  the  northwest  side  of  maple  tree  10 
inches  in  diameter,  on  the  south  side  of  the  right  of  way  of  the 
Canada  and  Atlantic  R.  li.,  and  150  feet  east  of  east  end  of 
bridge  over  Cranberry  Creek,  al)Out  3  miles  west  of  Barring- 
ton, V  Y. 

Near  St,  C-lothilde,  Province  of  Quebec 

A  nail  in  the  root  on  the  north  side  of  elm  tree  8  inches  in 
diameter,  about  100  feet  south  of  south  right  of  way  line  of  the 
Canada  and  Atlantic  R.  R.,  and  about  tMM)  fttet  west  of  Holton 
R.  R.  station,  which  is  about  U  miles  southeast  of  St.  Clothilde, 
Province  of  Quebei\ 

Between  St.  Clothilde  and  Aubrey,  Province  of  Quebec. 

A  nail  in  the  root  on  the  south  side  of  elm  tree  16  inches  in 
diameter,  about  40  feet  north  of  north  right  of  way  line  of  the 
Canada  and  Atlantic  R.  R.  and  alK>ut  750  feet  west  of  the  first 
highway  <rossing  we.st  of  Holton  station. 

At  Aubrey,  Province  of  Quebec 

A  nail  in  the  root  on  the  wt«t  side  of  ash  tree  14  inches  in 
diameter.  ab(jut  HO  feet  south  of  the  south  bank  of  the  English 
River  and  about  5(X)  feet  north  of  the  Intersection  of  highways 
at  Aubrey. 


Ki^tt) 


88.31 


ir7.:^i      uau 


ITH.ffll 


IW.OO 


m.m 


i»4.; 


lH7.tiD 


iwaao 


llHiW 


105.40 


IW.TO 


aiLTO 


94.78 


150.25 


15a.  41 


IM.ll 
174.60 
163.  H»  I 

I  1 

I 
183.(13 ; 

I 
158. 15  ' 

12L40 


a-2 

is 


108.04 


132.84 


10e.50tt 


164.96 


171.14 


ltt8.dl 


:in8.84 


180. :» 


177.02 


IW.  76 


172.88 


1;I6.13 


1028 


DEEP    WATERWAYS. 


Part  I— Continued. 

BENCH    MARKS    E8TABLI8HED    BETWEEN    LAKE   CHAMPLAIN    AND    LAKE    ST. 
FRANCIS,  VIA  CHAMPLAIN,  BARRINGTON,  ETC. -Continued. 


I>6acri|jUun  i>f  l<ioikliciu. 


Bet wtH-n  Anbn^y  nnii  t  irnistf i  Tn,  ProTint'u  cit  Qtiubuc  . . . , . 

A  uaiJ  in  tiifs  rocit  on  the  tuTUtb  Kjdi^  ut'  owk  tv*^^  IH  inch«^in 
di^mvstvTrdii  tbt*  FertUi.'  t*re*ik  r^myl  n burnt  *I.H  mlleH  w*?Ht  of  Au- 
bn^y  nml  uliout  7<M»  Trim  nanthwuKt  of  thevulvpri  on  ihiu  high- 
way over  Fertllti  ('r«i*k. 

At  Ormstowju  Pro^liitB  of  (^ueliiH: ....,._, , .  „ 

The  cetitL'r  uf  n  M-iiicb  wivinre  cat  in  the  tii|i  oF  cojiinff  ittono 
near  the  north weEit  corner  of  the  ea.sit  Abutini?nt  uf  the  til^h- 
w«y  bHdjf©  over  the?  Chatean^ttny  Rivpr  at  Ormat^iwn,  Prov- 
ince €)f  ijneltec. 

Betwf,M.'ii  OrmHtoT^n  ami  *St.  Stanii^liu,  Prtn'ince  ot  ijuelwc... ...... 

A  nail  in  thu  root  on  the  w<?flt  Dldu  of  poplar  tree  ^  ffet  in 
dlamtrU^r.on  the  Ronth  nJdt*  of  highway  ^t  n.  ]:>nintRlJout  T-lifr  feet 
weist  of  thu  int-unwotirtn  of  htjfhwayM  aTx>i]t  4  mileii  north  weat 
of  hlgbway  bridge  at  uruiHtus**n,  Prt>vitKv  of  Wat4jpf\ 

At  St.  Stan^pfLLas,  Provlnco  of  (JuHmh.......   ........  ^..... ..._, 

On  the  toil  of  horizontal  offFn-t  of  wnt<?r  f ablts  whf'  h  in  HlK>nt 
I  ini^h  b^low  the  tu^i  of  tbe  wi>r4t  d"ort«tuia^  of  the  Ht.  t^tAnUlaa 
RoTtian  Cath'rlic-  t'hnrr'h*  It  in  mi  toji  fit  nnxW  at  tlif*  enj^t  ^idvi 
of  ]ii|^Htpr  near  tbe  irj'Uthw(»t*t  r^^^rrier  of  lijo  nhnrch,  and  the 
an^le  ut  the  U-nt'b  TuKrk  in  rjji  fn^t  went  of  the  u^o^i  docir^tteii  of 
the  rrUur^h.  There  are  no  marku  to  intUrattf  the  lot'Jitloa  of 
the  l^erich  mark. 

On  shore  of  Lako  8t  Franc'iH,.,.,.     ...,..,.    .  ...,,... 

On  a  l|'iQ<'b  eiqnaru  marked  ^^B.  M./'  cnt  in  tho  mpuf  letlR? 
of  iSmefltoneAljtjnttU  ffii^t  from  lake  Hhuie  on  a  piilnt  of  land 

!irr>jtH^tifisr  into  Lake  JSt,  FmnriH.  alxmt  2.1-jii  feet  w est  of  the 
nt^r&iH-tion  of  biifhway  rutinSnu  nortbweHt  from  ^i.  Stani^iitfl 
with  hljfhw'RY,  near  tlie  iaki*  whor**  nndiil^jut  *.7  mtlen  from  St. 
Btanirtiaa  raifroad  fttaliun. 

VaUt-yRehl „,  .,, ..,.„. 

Copintc  of  north  wall  of  Icx-k  No.  14^  Beuuharnom  CaniiL 
Bencb  mark  Ikuu  the  iron  >>olt|ti  f^trap,  t\  iiicbe«frotD  beel  potit 
of  upper  gate. 
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BENCH   MARKS  ESTABLISHED  BETWEEN  ST.  STANISLAS,  PROVINCE  OF  QUEBEC, 
CANADA,  AND  HOGANSBURa,  N.  Y. 


At  St.  Staninlas,  Provinct!  of  Quebec 

On  the  top  of  horizontal  offset  of  water  table,  which  i««al)out  1 
in<;h  below  the  top  of  the  wi^st  doorstep  of  St.  Stanislas  Roman 
Catholic  Ch  urch.  It  is  on  t<)p  of  angle  at  the  east  side  of  pil&Htor 
near  the  southwest  corner  of  the  church,  and  the  an^rle  at  the 
Ix-nch  mark  is  5j  feet  west  of  the  west  doorstep  of  the  church. 
There  are  no  marks  to  indicate  the  lot.'tation  of  the  bench  mark. 

At  Huntingdon,  Province  of  Quebec 

On  the  top  of  iron  monument  on  the  southeast  corner  of  the 
ttr.<»t  street  intersection  south  of  the  Grand  Trunk  R.  R.  depot 
at  Huntingdon,  Province  of  Quebec. 

At  Carrs  C'rossing  Province  of  Quel  ec* 

A  nail  in  the  root  on  the  west  side  of  elm  tree  14  inches  in  di 
ameter,  ltK>feet  north  of  the  center  of  track  of  the  Grand  Trunk 
R.  R.,  and  :WU  feet  east  of  road  at  Carrs  Crossing. 

At  Whites  Station,  Province  of  Quebec 

A  nail  in  the  root  on  the  north  side  of  maple  tree  14  inches  in 
diameter,  2()  feet  south  of  the  center  of  track  of  the  Grand 
Trunk  R.  R,  and  3  feet  east  of  the  east  road  fence  at  Whites 
station. 

At  St.  Agnes  station.,  Provim»  of  Quebec 

A  nail  in  the  root  on  the  north  side  of  elm  tree  291)  inches  in 
diameter,  tK)  feet  from  the  center  of  track  of  the  Grand  Trunk 
R.  R.,  in  the  east  feuc43  line  of  the  road  east  of  St.  Agnes  station. 

At  Fort  Covington,  N.  Y    .. 

A  2inch  square  1  foot  from  the  south  edge  and  1  f(K>t  from 
the  east  edge  of  the  east  abutment  of  the  Grant]  Trunk  R.  R. 
bridge  over  the  Salmon  River  at  Fort  Covington.  N.  Y. 


2a).  3 

mim 

166.66 

'£A\.7 

145.22 

150.96 

331.8 

loB.oe 

188.75 

233.3 

1«6.10 

179.88 

238.8 

183.89 

196.68 

244.3 

152.74 

167.47 

DEEP   WATERWAYS. 


1029 


Part  I— Continued. 

BENCH  MARKS  ESTABLISHED  BETWEEN  ST.  STANISLAS,  PROVINCE  OF  QUEBEC, 
CANADA,  AND  HOGANSBURG,  N.  Y.-ContinmMl. 


DeHcription  of  location. 


S>  ^  S  4 

a 


At  Ho^ansbiirf?,  N.  Y 

The  center  punch  mark  in  one  fourth-inch  brass  bolt  ce- 
mented into  the  northeast  face  of  theeaHt  buttre>8  of  the  main 
tower  of  St.  Patrick's  Catholitr  Church,  Hoeausburg,  N.  Y. 
The  bolt  is  21  inches  l)elow  the  water  ta]>le  and  IH  inclieHalK>vo 
the  ifround.  The  letters  "■  U  S.  P."  are  cut  into  the  foundation 
masonry.  This  l>ench  mark  is  designated  as  United  States 
precise  bench  mark  '*P"  on  the  line  of  precise  levels  between 
Hogansburff'and  Cajn*  Vincent. 
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BENCH    MARKS    KSTABLISHED    BY    PREriSE    LEVELS    BETWEEN  HOGANSBURG, 
X.  Y.,  AND  ST.  REGIS,  CANADA. 


At  H<>giinsburu.  N.  Y —    

Tlu?  <^ent<;r  punch  mark  in  one  fourth  Inch  br&ss  bolt  ce- 
mented into  the  nortlieant  fa«"o  of  the  ea.st  buttress  of  the  main 
lowrr  of  St.  Patrick's  Catholic  Church  at  Hojjransburjc,  N.  Y. 
The  boll  is  -1  inches  lielow  the  water  table  and  IH  inches  aV>ove 
the  yrround.  Th<*  letters  ''  U.  S.  P."  are  cut  into  the  founda- 
tion masonry. 

At  Hojfuusburi?.  NY 

The  center  ))unch  mark  in  one-fourth  inch  brass  l>olt  ce- 
mented into  the  southeast  fare  1  foot  from  the  cast  corner  of 
the  Catholic  t;ouvent  at  Ho^ansburg.  The  bolt  is  in  the  lime- 
stone water  table  alx)ut  2  feet  ul)ove  the  surfa<*e  of  the  ground 
and  the  letters  **  U.  S.  C."  are  cut  into  the  stone. 

At  St.  Regis,  Canada 

The  center  punch  mark  in  one -fourth  inch  brass  >K>lt  ce- 
mented into  the  west  side  of  the  northwest  corner  of  tower  of 
St.  Regis  Catholic  Church  10  inches  from  said  corner  and  about 
19  inches  alK>ve  the  surfare  of  the  ground.  The  letters  '  U.  S. 
A."  are  «;ut  into  the  stone. 

At  St.  Regis,  (.'anada 

The  center  i>un<'h  mark  in  one-fourth  inch  bra.Hs  bolt  ce- 
mented into  the  south  face  and  »l  inches  from  the  southwest 
corner  of  the  i)riest's  house  opi>osite  the  Catholic  Church  at 
St.  Regis.  Canada.  The  ]K)lt  is  ♦>  inches  al)ove  the  surface  of 
the  ground  and  the  letters  "V.  S.  B."  are  cut  into  the  founda 
tion  stone. 
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BEXCil  MARKS  ESTABLISHED  BY   PRECISE  LEVELS  ALONG  THE  ST.  LAWRENCE 
RIVER  BETWEEN  HoGANSBUKCJ.  N.  Y.,  ANl>  CAPE  VINCENT,  N.  Y. 


Ho^r.inshurg,  N.  Y 

The  center  punch  mark  in  oni'-fourth  inch  brass  l>oltcemente<i 
into  the  northeast  face  of  the  east  buttre-s  of  the  main  tower 
of  St.  Patrick's  C'atholic  Church  at  Hogansburg.  The  bolt  is 
-•1  iix^hes  l>elow  the  wati-r  table  and  18  inches  above  the  ground. 
Til  J  lett»'rs  "  U.  S.  P."  are  cut  into  the  foundation  masonry. 
Bet  wei'U  Hogansburg  and  Louisville  Landing.  N.  Y 

Tib*  top  of  aroundheaded  bra.»«s  l>olt  M?t  in  aconcretebaae 
alHiut  ;ri()  feet  northwest  of  the  northwest  I>ank  of  the  Racket 
River,  and  20.5  feet  southeast  of  a  largo  i)ine  tret*.  9  feet  in  cir- 
cumference, and  blazed  1«*  by  17  inehes.  Th»' tree  is  the  largest 
pine  tree  near  the  month  of  the  Racket  River,  and  the  blaze  is 
marked  the  sam(>  as  the  concrete  iMise,  "U.  S.  P.  B.  M.  1."  The 
bench  mark  is  covered  by  about  1  foot  of  earth. 
Betwt»en  Hogiinsburg  and  Louisville  Landing,  N.  Y 

The  top  of  a  roundheaded  brass  bolt  set  into  a  concrete  base 
on  the  north  side  of  the  Grass  Riverroad,  just  eastof  the  mouth 
of  the  Grass  River.  The  Ijench  is  3  f€»et  south  of  the  north 
fence  line  of  the  road,  and  on  the  west  fence  line  of  house  lot 
of  Wm.  Tucker.  The  bench  was  set  l.:2  feet  undergn  mud,  and 
marked  on  the  concrete  l>a.s*)  "  U.  S.  P.  B  M.  2." 
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Pakt  I— Continr.ed. 

BENc:H  marks  established    by  PREC?IHE  levels  along  the  ST.  LAWRENCE 
RIVER  BETWEEN  H()aANSBUR(4,  N.  Y.,  AND  CAPE  VINCENT,  N.  Y.-Continoed. 


DcK<'.rii)ti<»n  nl  Icm-hU.hi. 


Betwet'ii  HogansburK and  Louisvile  Lauding,  N.  Y 

The  top  of  a  roundheaded  brass  bolt  »et  into  aconcroteTiiahi'^ 
feet  soutli  of  fence  on  the  north  side  of  the  river  road,  iind  tti 
the  renter  of  the  north  and  south  road,  branching  oflf  fr^iiTi 
the  river  road,  opposite  the  farm  of  John  Wood.  The  t.t!rj<'h 
is  i^'i  feet  east  of  a  honey  loi'ust  hedge  on  the  west  line  o[  niilii 
farm,  and  is  1.3feet  under  the  surface  of  the  ground.  Th*  cmn 
Crete  base  is  marked     V.  S.  P.  B.  M.  a." 

Between  Hogansburg  and  Louisville  Ij^nding,  N.  Y __ 

The  top  of  aroundheafied  one  fourth  inch  brass  lx>]t  set  into 
a  concrete  base  underground  and  situated  on  the  south  side  of 
the  river  road  on  line  of  a  stone  fence  running  north  and  south 
opposite  the  barnyard  of  Frank  PoUysfarm.  The  bench  is  5.6 
feet  from  the  south  fence  of  the  roati  and  43(>  feet  east  of  Polly's 
Creek  and  is  marked  on  the  concrete  base  "  V.  S.  P.  B.  M.  4." 

Between  Hogansburg  and  Louisville  l^andiug,  N.  Y  

The  top  of  a  roundheaded  one-fourth  inch  brass  bolt  set  into 
a  concrete  Itase  1.2  feet  l)elow  the  surfa<.'e  of  the  ground  and 
situated  on  the  north  side  of  the  river  roa<l  i»t  the  corner  of 
the  fen<te  in  the  turn  of  the  road  at  the  house  of  Norman  Hop 
son.  The  Unurh  is  ^.H  feet  from  the  fence  comer  and  is  marked 
"U.  S.  P.  B.  M.  f>." 

Near  Louisville  Landing,  N.  Y 

The  top  of  a  roundheadetl  one-ft>urth  inch  brass  lK)lt  set  into 
a  concrete  ba-^e  1.3  feet  underground,  3  feet  north  of  north  and 
south  fence  line  of  the  river  n>ad  and  5H.5  feet  east  of  the  east 
fence  of  Isaa<*  Richards*s  residence  at  Richards's  Lauding.  The 
Ixmch  is  marked  on  the  concrete  liase  "  U.  8.  P.  B.  M.  0." 

At  Louisville  Landing,  N.  Y 

The  wmter  punch  mark  in  a  one-fourth  inch  brass  bolt  i-e- 
ment^d  into  the  west  face  of  the  hotel  of  R.  B.  Mathews  at 
Louisville  Landing. :!  (I  feet  from  the  northwest  corner  of  the 
building  in  a  foundation  stone  O.JI  foot  alK>ve  ground  marked 
'*U.  S." 

Between  Louisville  Landing  and  Waddington.  NY 

The  top  of  a  roundheaded  one-ft»urth  inch  brass  lK)ltset  int<» 
a  concrete  base  1.4  feet  undergrt>und  and  situated  on  the  north 
side  of  the  river  road,  "£i.7  leet  west  and  on  west  fence  line  ot 
Chas.  Whalen's  house.  The  bench  is  3  feet  east  of  said  Whalen 
fence  and  on  the  north  fence  line  of  the  river  road  and  is  marked 
"U.S.  P.  B.  M.  7. " 

Between  Louisville  Landing  and  Waddington.N.  Y 

The  top  of  a  roundhe^uied  one-fourth  inch  copijer  b<ilt  set 
into  the  top  of  a  large  granite  l»owlder  in  the  orcnard  on  the 
north  side  of  the  river  road  on  the  crest  of  hill.  «.h  leet  north 
of  north  fence  line  of  River  road,  opposite  tho  home  of  William 
Bradford,  on  Bradford's  Hill.  The  iM^wlder  is  mHrke<i  "  US.  P. 
B.  M.  K  • 

Between  Louisville  Landing  and  Watldington.N  Y 

The  top  of  a  roundheaded  one  fourth  inch  brass  bolt  set  into 
a  concrete  base  1.2  feet  lx)low  the  ground,  on  the  north  sij'ie  ot 
the  river  road  abreast  of  Egg  Island  tor  Rutherfords  or  Carrs 
Island),  in  Cole's  Creek.  Thelwnch  is  nearly  on  said  north  road 
line  and  rt.H  feet  south  of  the  south  corner  of  a  large  wooden 
Imrn  of  Wm.  Hosmer.  and  on  the  concrete  base  is  marked  "'  U. 
S.P  B.M.J*.  " 

Near  Waddington.N.  Y 

The  top  of  aroundhe^aded  one-fourth  inch  brass  bolt  set  into 
a  (concrete  l)a.se  covered  by  1.2  feet  of  earth  and  situat^^d  on  the 
north  side  of  the  river  road  4.2  feet  south  of  the  north  len<'e 
line,  and  on  the  proi>erty  line  between  Dartis  and  Scott  lots, 
abreast  of  Murpnys  Island.  The  concrete  base  is  marked  **  L'. 
S.  P.  B.  M.  10." 

AtWaddingt<in.N.Y 

The  center  punch  mark  in  one-fourth  inch  brass  bolt  ce- 
mented into  the  south  buttress  of  the  steeple.  12  feet  northeast 
from  the  center  of  the  main  entrance,  1  «  feet  from  the  outer 
corner  of  said  buttress  and  L.'jfeet  above  the  ground,  on  the 
Presbyterian  Church  at  Waddington.  N.Y..ana  marked  "  U. 
8.  A." 


Mi    |l 

G 


e  * 


ifl(). 


«:! 


a(»7.67 


2:«.ttf) 


218.  «8 


272.3  I      210.  :n 
I 


274.7         2in..'>l 


:7f.  H         24,^>.  71 


279.0        225.12 


281.  ti  ;      222.56 


2H4.3  i      250.18 


205.40 


222.40 


248.38 


233.41 


2:n.04 


225.24 


21)0.44 


^».85 


237.29 


273.91 


DEEP   WATEBWAT8. 


1031 


Part  I — CoDtimied. 

BENCH  MABKS  E8TABLIRHED  BY  PRECISE  LEVEL8  ALONG  THE  ST.  LAWRENCE 
RIVER  BETWEEN  HOGAN8BURG,  N.  Y.,  AND  CAPE  VINCENT,  N   Y.— Continned. 


l>eecri]itJti>D  *if  kniatlu^ii. 


AtWmidiDgtiin.KY  ,..,.-.. ... 

The  ct'tittT  puQcb  mark  in  cm^frjurtb  itirh  lintiw  )tuit  t»' 
mfirit^rj  inlritbe  fuqndatiny  miMionl-y  nti  the  T*«"*rthf*tt«t  tlw.*^3,  It'  I 
feet  from  the  north  4'r>rnt?r  »ml  fl  H  ftiot  aLmvt^  thu  ground  on  '< 
t  be  t XI w  n  h  all  a  t  W  aJdingti  m  h  N ,  V  h  ,  And  miirki  pd  "  U,  H .  B. ' ' 

At  Wmldingtau.  N,  Y...... _. 

The  tenter  punch  mark  in  rnn'-lnurtli  inch  hraM«  li^lt  <:**■ 
mc'Qtod  intotho  upper  ft jundHtJMTi  £(t<iTje  \i  inchf'ftfrctTn  tht^  ifitmth 
Cci'mti*  A  ad  -4  L[if:ht'HalHjvcitbc.'>  jfraundr^n  thi?  fM>nthwefiit  facfi  nf 
St,  PaolH  Epiac<>piil  ( :hurrh  at  Wiiddin(fti>n,  N.  Y .  The  lptt«r»* 
^'  V.  s.  11'^  are  cnt  ioUi  th«^  Ht^nc. 

Bt'lween  Wwldinjfton  and  OtTflensbiirtf,  N.  Y  ...,   .... ■....^... 

The  top  of  a  ronndfatM^iled  one-fun rtli  iut-h  braett  Utilt  n^- 
rnunted  thto  thi;  Uij^  at  n  1  Ari^t^  (rranite  bf ^wlder  tm  the  Koutb  wide 
of  the  river  road  at  the  turn  juRtwefltof  jioint  Thrt!«Pointii 
f flatter  known  an  Wtiito  tkniw^  Poiut  or  WwJdtfk  PoiDt>.  Tho 
iK/wldtir  forms  the  end  of  a  atone  wall  nt^ar  theentrAnce  to  the 
property  of  Wmldi*!  mid  in  nmrk^d  "  U.  S.  P.  B.  ftL  12." 

Between  Waddluirton  and  I  tgdene^bnre^.  N.  Y,,at  Tlhien  puHt-offlc^e. 
The  top  of  a  round  headed  onc-fimrth  itich  brftwB  bolt  cv-  I. 
men  ted  into  the  top  of  a  btiwlder  on  the  north  Bide  of  the  rivi^r  f 
re  Mid  and  im  tbe  ea^t  prtjpj^rty  line  of  TlJden  i>oftt-o(Hce>JUKt  ' 
oiipiftdte  IrcMiiiois  Point,  Tlie  Itowldpr  h*  inarked  "TJ,  B,  P.  B. 
M.riA" 

Bi,*t wf^tii  Wa«1diui;toi)  and  iJinleiisbnr*;' n-t  Tild^rj  post-office  ....... 

The  oe liter  punch  mark  in  ime  fourth  inch  hrasH  bolt  ite- 
ment^d  iut'j  fotinilAtieii  fii(»nt^  of  TiMeu  p<j«t'OlB.e!p*  nitaated  itu 
the  north  Bide  of  th*.^  river  rand  ofi  tbe  t<iwD  line  bet  ween  lAu- 
boTi  aud  W  udditijjton.  N.  Y.  Thi*  luitrk  i«  on  tbcs  st^ut  heawt  fae** 
of  tht^  btiildinii.  7  iL'f^et  from  the  fiuuith<^JTnerandH,>*  footubove 
the  K^-^iund     The  k-rttji-i*  "*  L".  *^."  are  eiit  into  t  he  etonti. 

Bet w wo  Waddiuiftun  und  ('lifdeuHburK^  N-  Y 

The  top  of  jt  r<nini.lht'Hderl  one- fourth  inch  braAH  Iftolt  tw*t  into 
a  con'Tete  ba'^e.  cftvpred  by  1  fo^t  of  earth,  ^m  the  north  wide  of 
ibe  river  rotiil  ttt  a  turn  in  the  f^-nte  on  tbe  ghhI  property  bue 
itf  KilPH  Rfiinon^Ei  property.  The  l*ench  in  7  fi-et  wtiid,  from  n 
\iir^ff^  Hii^r  mn|iW  tree,  bFazed  and  marked  '"V.  S^."  Tbt  I'ftu- 
Crete  biise  i»  marked  "U.  S,  P.  B-  M.  14/* 

Betwf^eu  Wafhlitii^ton    and  0(rdent<l;kiirt(T  N.  Y,^  at  Llnbon  post- 

oiftce  .    . ,. ,,„..-.,,..,__».,.,.,_„„ 

The  eenti^r  utmt^h  murk  in  one-tonrth  inrh  branH  Ijcdt  vk^ 
metjt4?d  into  tne  c.orn**r  Htiinp  on  the  went  eorner  of  the  Efiiit- 
eopftl  Htrine  church  tit  Lipl^.m  lifwt-oitice,^  I  inilt*M  bnlow  O^^denn- 
burif,  N.  V.  llie  chtjreh  in  on  the  i^tuth  mde  of  the  river  ntad. 
The  iniTscb  if*  on  the  north  fit4^e  of  the  ebnrf  bt  h'  JneheH  f  rtun 
the  went  c-^^rner.  ^  inrht-M  atiftve  the  Ki'onnd,  itnd  in  marked 

"U.  s,  in.'^  I 

NearU^deniibur^,  N.  Y. ....... ...,,_, _ 

The  tenter  portth  tnark  in  one- fourth  Inch  "bram  bolt  ee- 
mented  iiitoret]  ftandsttiue  t-^jpinpon  tht^  north  sido of  infirmary 
buiUliUK  iti  New  York  State  Hot^pita.]  i^rouuile^.  fjcdi^w  (Jurdenb- 
Ikurif,  N.  \.  The  mark  in  1'^:.*  feet  from  the  west  corner  of  said 
bniLdingf.  and  fill. 5  feet  from  the  center  of  doorway  on  t  bo  north 
(iide,  and  in  4  fe*?t  aU*ve  tbe  Kroniid.  Tbe  letters  "V*  B."  are 
cut  bito  the^^opin^  stone  over  the  Viench  mark. 

At  OKdenshurjir.  N.  Y . , , , ., , . . . .,._...    ... 

The  puucn  mark  on  the  (tenter  of  a  one- fourth  lm.*h  bnu^n^ 
\hi\1  cemeutefl  into  a  1*  by  IK  inch  red  H&ndHtfPOe  on  the  eiouth- 
wei4t  corner  of  the  Armory  Bnildinif.  Ford  street A'titdenHhnrK- 
N,  Y,^  34  inebca  aImiito  iheisurfaceof  the  ground.  The  let  ten* 
"  U.  K  A."  ar«  rnt  into  the  muHt>nry. 

At  OBdcnsburjof,  N,  Y , ,      ....... 

The  punch  mark  In  the  center  i^f  rtne- fourth  inch  broHH  YnAt 
cetDenttKl  into  a  1^  by  iHlnch  foundatlonetontjon  the  HimtbeaMt 
face  of  the  town  hall  and  opera  bouHe^  corner  of  Ford  and  (.lar- 
ollne  Kln;ct*4,  <>Kdt*ns*hurK.  N,  Y.  The  mark  ih  fin  th*'  went  halt 
of  aaid  face  anil  ti.'^  feet  from  th^i  south wetst  «*omer  of  the 
build iiif?  JjpUd  '^■»i  feet  above  the  Hurface  of  the  ground.  The 
lettenHi  ^'U-  &  Br**  are  cut  into  tbe  muKinry. 


SH4.ri 


IIHA 


3injfJ«t 


^H.TM 


lEW.r^i 


mi.\ 


itmsffi 


r#.K: 


3ii"j.<C3 


XllH-KJ 


n 


:si^T.i)i 


^r.m 


sfni.48 


2r4.33- 


:^«.4fi 


27n.fli 


m.fie 


:;:7»*.B 


:!%«].  ^ 


S7ei.l» 


3**b77. 


1032 


DEEP   WATERWAYS. 


Part  I— Continued. 


BENCH  MARKS  ESTABLISHED   BY  PRECISE  LEVELS  ALONG  THE  ST. 
RIVER  BETWEEN  H(XJAN8BURG,  N.  Y.,  AND  CAPE  VINCENT,  N.  Y.- 


LAWRENCB 
-Continued. 


Deaoriptkiii  of  Icxatkni. 
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Tb4j  ct^ntef  imtscb  mArIc  in  one-fourth  Inch  bnwe  bolt  ce- 
menteii  into  a  corner  coTtlni;  Bto&eon  the  northeast  corner  or 
tha  I'tiLted  Btat^H  [rufitonn-Louae,  Htlitt3  Btro^t^  <^)j<t]HJi)Hl>Qr^. 
N.  Y.  The  luai-k  Is  7i^  inch-^  w*?~t  '--f  ^idd  corner  uf  building* 
on  the  north  face,  4  feet  and  one- half  inch  above  the  nidewalk. 
The  letters  "U.  8.  C."  are  cut  into  the  coping:  atone. 

At  Ogdensburg,  N  Y 

The  center  punch  mark  in  one-fourth  in<'h  braHS  bolt  ce- 
ment4)d  Into  coping  stone  on  the  north  faoe  of  the  United 
States  light-house  on  the  west  pier  at  the  mouth  of  the  Oswe- 
gatchie  River,  Ogdensburg,  N.  Y.  The  mark  is  iS^  inches 
southwest  of  the  north  comer  of  the  house  and  '•ii\  in<'hes 
al)ove  the  surface  of  the  ground.  The  letters  "U.  S.  D."  are 
cut  into  the  coning  stone. 

Near  Ogdensburg,  N.  Y 

The  top  of  a  lAonndheaded  one-fourth  inch  brass  bolt  sot  into 
a  concrete  iMise,  12  inches  below  the  surface  of  the  ground, 
31.7  feet  south  of  the  center  of  track  of  the  Utira  and  Bla<^k 
River  R.  R.,  near  Kevins  Point,  3  miles  above  Seymour  Hou.«<e, 
Ogdensburg,  N.  Y.  The  bench  is  1^.5  feet  north  of  a  large  elm 
tree  CS)  inches  diameter),  blazed  and  marked  "  U.  S.."  also  about 
200  feet  south  of  a  stone  ice  house  and  alxmt  STii)  feet  northeast 
of  a  stone  barn.  The  concrete  base  is  marked  *'  U.  S.  P.  B.  M. 
17,'^  and  the  same  letters  are  cut  into  a  large  bowlder  in  the 
comer  of  the  fence  about  lO-feet  northwest  of  the  bench 

Between  Ogdensburg  and  MorrLstown,  N.  Y .. 

The  top  of  a  square-headed  one-fourth  inch  brass  bolt  ce- 
mented into  bed  rock  6  inches  under  ground,  about  9<X)  feet 
northwest  from  house  of  Le  Rock,  45.6  feet  northwestof  center 
of  track  of  Utica  and  Black  River  R.  R.,  292.h  feet  northeast  of 
section  post  23-24  of  this  railroad,  6  miles  above  Seymour  House. 
Ogdensburg,  N.  Y.  The  bench  is  124  feet  west  of  a  wajfon  r->a<l 
leading  from  Lo  Rock's  house  to  the  St  Lawrence  River  and 
about  2f)0  feet  southwest  from  a  small  stone  boathouse  on  the 
river  bank.    The  letters  "  U.  S.  P.  B.  M.  18''  are  cut  Into  the  Ijed 

TfXlk. 

Near  Morristown,  N.  Y 

The  top  of  a  roundheaded  one-fourth  inoh  brass  bolt  ce- 
mented into  Ijed  ro«'k,  25.8  feet  northwest  trom  center  line  of 
track  of  the  Utica  and  Black  River  R.  R.,  52  feet  southeast  of  a 
ledge  of  rock  on  the  St.  Lawrence  River  Imnk.  on  Dows  Point, 
2()<*NW.,  a  distance  of  about  l.iK)()  feet  from  the  residence  of 
Geo.  Beattie.  9  miles  above  Ogdensburg  and  abcmt  2  miles 
below  Morristown.  The  bench  irt3-'U  feet  southwest  from  the 
southwest  corner  of  summer  cottage '"  Rock  Ledge,"  E.5(P  S. 
from  Brockville  Asylum,  Canada,  and  6<>  feet  northwest  from  a 
blazed  telegraph  pole.  The  letters  "  U.  S.  P.  B.  M.  1«  "  are  cut 
into  the  bed  rock,  which  is  covered  by  6  inches  of  earth. 
At  Morristown,  N.  Y 

The  center  punch  mark  in  a  one-fourth  inch  brass  bolt  ce- 
mented into  coning  stone  on  the  northwest  comer  of  luralx»r 
office  of  the  Gillies  Bros.  Co.,  Limited,  in  the  northwest  end  of 
Morristown,  N.  Y.  The  building  is  of  limestone  and  is  owned 
by  Frank  C!hapman,  Ogdensburg,  N.  Y.  The  bench  mark  is  on 
the  north  face  of  said  building,  6  inches  from  the  northwest 
corner  and  about  18  inches  above  the  ground.  The  bench  is 
marked  "'U.S.A." 
At  Morristown,  N.  Y 

The  center  punch  mark  in  a  one-fourth- inch  bras,s  bolt  ce- 
mented in  to  a  comer  stone  of  the  foundation  masonry  of  astone 
warehouse  08  feet  west  and  across  the  road  from  P.  B.  M.  A. 
The  bench  is  on  the.  east  face  of  said  building,  8  inches  from  the 
southeast  corner,  and  the  letters  "U.S.  B."  are  cut  into  the 
stone.  The  bench  is  also  79.5  feet  from  the  north  side  of  the 
Unite<i  States  custom-house  and  117  feet  east  of  the  center  of 
main  track  of  the  Utica  and  Black  River  R.  R. 
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Part  I  —Continued. 


BENCH  MARKS  ESTABLISHED  BY  PRECISE  LEVELS  ALONG  THE  ST.  LAWRENCE 
RIVER  BETWEEN  H()GANSBURO,  N.  Y.,  AND  CAPE  VINCENT,  N.  Y.-CoutinneA 


Deacription  of  Irx^tiou. 


Between  Morristown  and  ()akP<»int,  X.  Y 

Thetopuf  a rouudbeaded one-fourth  inch  brasii  bolt  cemented 
into  a  slab  of  limeHtone  rock  embedded  in  Hand  and  gravel  near 
the  shore  of  the  St.  Lawrence  River,  on  the  east  Hide  of  asm  all 
bay,  1.0  miles  abr»vo  Morristown,and  on  range  with  the  tipper 
end  of  old  Main  Island  and  Umbrella  Lniand.  The  lx»noh  is  at 
the  foot  of  a  ledge  of  rock  at  Rowleys  or  Housers  Point. «  feet 
from  the  face  of  a  ledge  and  alx>ut  ls()  feet  north  of  the  river 
road.    The  letters  *'  U.  S.  P.  B.  M.  2«)"  are  cut  into  the  rock. 

Between  Morristown  and  Oak  Point,  N.Y 

The  top  of  a  roundheaded  one-fourth  inch  brass  bi^lt  cemented 
into  the  top  of  alx>wlder  (5by  3feet )  projecting  2 feet alx)ve  the 
surface  of  the  ground  and  situated  on  the  north  elde  of  the  river 
road,  in  a  turn  of  this  road,  and  opposite  the  center  of  a  cross 
road  running  southeast  from  the  river  rond  and  about  three- 
fourths  of  a  mile  east  of  town  line  between  the  towns  of  Mor- 
ristown and  Hammond;  2^  miles  northeast  from  Oak  Point,  or 
1,U)()  meters  northeast  from  the  cross  road  known  as  the  Black- 
stone  road.  The  letters  "'U.  S.  P.  B.  M.  21"  are  cut  into  the 
Ixjwlder. 

At  Oak  Point,  N.  Y 

The  top  of  a  roundheaded  one-fourth  inch  brass  bolt  ce- 
mented into  sandstone  bed  roi^k  (}  inches  Ijelow  the  surface  of 
the  ground,  and  3  feet  from  the  south  fence  line  of  the  river 
road  and  71  feet  from  the  southeast  fence  corner  of  the  inter- 
section of  the  river  mad  and  the  road  going  north  into  Oak 
Point  village.  The  l)ench  is  X.  JtJ**  E.  from  intersection  of  «;en- 
ter  lines  of  said  river  road  and  said  Oak  Point  road  onthe  cre^t 
of  the  hill  one-fourth  mile  south  of  Oak  Point  village.  The 
bench  is  marked  "  U.  S.  P.  B.  M.  22." 
At  Oak  Point,  N.  Y.. 

The  top  of  a  roundheaded  one-fourth  inch  brass  bolt  ce- 
mented into  sandstone  l)ed  r(x;k  18  inches  below  the  surface  of 
the  ground  on  tho  west  side  of  the  road  to  Oak  Point  village, 
and  22  mt»ters  northwest  from  the  interset'tion  of  the  river 
rotid  and  the  Oak  Point  road  on  the  crest  of  the  hill  one-fourth 
mile  south  of  Oak  Point  village.  The  l>euch  is  :fi»  meters  west 
from  P.  B.  M.  22,  and  1.7  meters  south  from  large  bowlder 
marked  '*  U.  S.  P.  B.  M.O.P.,"  with  an  arrow  pointing  to  the 
bench.    These  mime  letters  are  also  <*ut  into  tho  bed  nxrk. 

Bet wi^u  Oak  Poin t  and  Chippewa  village,  N.  Y 

The  toj)  of  a  roundheaded  one-lourth  inch  brass  bolt  ce- 
mented into  sandstone  \ted  rock  in  the  valley  of  the  Chippewa 
(.'reek  S.  7iJ'  W.  and  37.5  meters  from  the  iron  bridge  over  said 
creek.  Thel)euch  is  northeast  from  tho  stone  residem-e  of 
Alex,  and  Robert  More,  in  (,'hippewa  Valley,  and  3^  miles  from 
Oak  Point  village  by  (.'hippewa  rc»ad.  The  bench  is  also  2r> 
meters  south  from  a3l)-incu  white  oak,  blazed,  and  2  meters 
west  from  a  bare  surface  in  the  rock  into  which  the  letters 
"  U.  S.  P.  B.  M.  23  '*  are  cut,  with  an  arrow  pointing  to  the  mark. 
The  mark  is  covered  by  al>out  6  inches  or  earth,  and  the  same 
letters  are  cut  in  tho  rock  anmnd  it. 

Between  Oak  Point  and  CTiippewa  village,  N.  Y 

A  horizontal  lino  cut  in  tho  center  of  a  smooth  square  sur- 
face on  the  south  face,  1.3  inches  east  of  the  southwest  corner 
and  22  inches  alwve  the  ground,  of  the  stone  dwelling  house  of 
Alex,  and  Rolx^rt  More,  in  Chippewa  Creek  Valley,  and  about 
2i^  miles  east  of  Chippewa  village,  on  the  river  road.  The 
letters  *'  U.  S.  Zi  A."  are  cut  into  the  masonry  around  the  mark. 

At  Chipi>ewa  village,  N.  Y 

'rne  center  punch  mark  in  one-fourth  inch  brass  bt>lt  ce- 
mented into  a  corner  stone  on  the  north  face  of  the  northeast 
comer  of  schwjlhouse  of  district  No.  1 1,  in  Chippewa  village. 
N.  Y.  The  schoolhouse  is  built  of  sandstone  masonry  and  is 
foun<led  on  bed  rock.  The  mark  is  18  inches  west  from  the 
northeast  corner  of  said  schoolhouse  and  ;w  inches  al)ove  ])e<l 
rock.  The  letters  "U.  S.  C.  V."  are  cut  into  the  masonry  near 
the  bolt. 
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BENCH  MARKS  ESTABLISHED  BY  PRECISE  LEVELS  ALONG  THE  ST.  LAWRENCE 
RIVER  BETWEEN  HCX4AN8BURG,  N.  Y.,  AND  CAPE  VINCENT,  N.  Y.    Continued. 


D»'Mrrii)ttoii  of  Ich  atinn. 


At  C?hipi)cwa  villiige,  NY 

The  top  oi  a  rounrilicadod  one-fourth  int;h  brass  Ijolt  ci*- 
menteil  into  Iwd  rock,  A.H  teet  north  of  northwest  corner  of  a 
barn  on  the  jiroiierty  of  Mrs.  Alex.  WilRon,  of  Brookdale.  and  is 
i:»)  feet  went  f nun  the  houHe  on  8Hid  farm.  The  ben<*h  is  44)«i  nie- 
terH  Houthw»*.-*t  from  P.  B.  M.  C'.  V.  and  Ih  covered  by  :i  int'hes 
of  soi !.   The  letters  '"  L'.  8.  P.  B.  M.  24  "  are  cut  into  the  bed  rrn-.k. 

Between  Chippewa  village  and  Alexandria  Bay,  N.  Y 

The  top  of  a  ronndheaded  one  fourth  inch  brass  bolt  ce- 
mented into  bed  rock,  about  three-frmrths  mile  northeast  from 
county  line  betwetjn  Jefferson  and  St.  Ijawrence  <*ountie8, 
N.  Y.,  near  the  Callal)ogra  rctad,  on  the  property  of  Geo.  Scher- 
merhorn,  situated  alx)ut  3^  miles  above  Chippewa  village. 
The  l>ench  is  at  the  siiuthw'est  end  of  a  stone  fence  forming  a 
road  fenc^  for  the  property  of  Wm.  Catlin  and  is  about  half- 
way lK*tween  the  dwellings  of  said  Schermerhorn  and  (^atlin. 
It  is  ll.H  feet  northwest  of  the  fence  on  the  northwest  side  ot 
the  CaIlalK)gA  road  and  ttP.l  feet  west  from  a  blazed  U  inch 
elm  tree  on  the  south  side  of  the  road.  The  letters  "  V.  S.  P.  B. 
M.25"  are  cut  into  the  bod  ro<'k  and  the  bench  in  covered  >)y  « 
inches  of  earth. 

Between  ( 'hippewa  village  and  Alexandria  Bay,  N.  Y 

The  top  of  a  roundheaded  one-fourth  m<*h  brass  bolt  ce- 
menteid  into  bed  ro<'k,  on  the  i)roperty  of  G<Hirge  Springer,  111 
feet  south  of  the  center  line  of  the  river  road  and  Klfi  feet  north- 
east from  the  intersectitm  of  the  river  road  and  the  northwest 
and  southeast  road  to  RedwcKxi,  N.  Y.,  which  intersection  is 
about . Si  miles  northeast  from  Alexandria  Bay,  N.  Y.,  and  three- 
fourths  mile  southwest  from  Springer's  mill,  on  Crooked 
Creek.  The  l)ench  is  JSW  fe«?t  southeast  from  a  frame  house  on 
the  north  side  of  the  river  road  and  141.7  feet  south  from  the 
barn  near  the  house.  Th<'  bench  is  on  a  flat  surface  of  the 
bed  rock  iust  where  the  surface  drops  off  toward  Cranberry 
C!reek.    The  letters  "U.  S.  P.  B.  M.  »r' are  cut  into  the  ro<k. 

Near  Alexandria  Bay,  N.  Y    

The  toi>  of  a  roundhi-uiled  one  lourth  inch  V)ra«8  lK»lt  ce- 
mentiHl  into  btd  rock,  on  the  i)roiK'rty  of  C.  M.  Tambhn,  WLr) 
feet  south  of  the  south  fen<-e  line  of  the  river  road,  about  Ij 
miles  east  from  Alexandria  Bay.  The  mark  is  on  a  ledge  of 
lied  rcK'k  raised  above  the  surrounding  ground  and  alKmt  ;ttM? 
feet  ejist  from  the  Iwrn  of  C.  M.  Tamblin  and  11^.5  feet  south- 
east from  a  small  frame  house  on  the  n<»rth  side  of  the  river 
road.  Th«^  b<»nrh  is  covered  bv  Ji  in<'hes  of  earth,  and  letters 
*'U.  S.  P.  B.  M.  27 "are  cut  into  the  nn'k  at  the  lx»nch.  The 
siime  letters  are  cut  into  the  exp<.)sed  roi-tk  adjacent  to  the 
b«'nih.  and  2  arrows  cut  into  the  r«)Ck  j>oint  to  tlie  position  of 
the  l»ench. 

At  Alexandria  Bay.  N.  Y 

The  center  punch  mark  in  the  end  of  a  one-fourth  inch  brasK 
bolt  cemented  into  the  water  table  or  coping  stone  on  the  west 
Hide  and  8  meters  from  the  .southwest  corner  of  the  stono  build 
ing  known  as  '•g»'neral  store'' of  Ct»rnwall  Bros.,  Alexandria 
Bay,  N.  Y.  The  murk  is2.3feetab»>ve  the  surface  of  the  ground 
ana  the  letters  "  U.  S.  A  ''  are  cut  i«ito  the  masonry. 

At  Alexandria  Bay,  N.  Y. 


The  center  punch  mark  in  the  end  of  a  one  fourth  inch  brass 
lK)lt  cemented  into  a  stone  on  the  front  of  the  Reform  Church  | 
at  Alexandria  Riy.    The  mark  is  (» m  meter  alK>vo  the  surface 
of  the  ground  and  1.79  meters  northwest  of  the  east  corner  <»!  I 
the  church.    The  letters  "U.  8.  B."  are  cut  into  the  masonry.  { 
Between  Alexandria  Bay  and  (Dayton,  N.  Y  

The  top  of  a  roun<lheaded  one-fourth  inch  brass  l)olt  ce 
mented  inti^  IkmI  rm-k.  It  is  al>out  2  miles  southwest  of  AUx 
andria  Bay  an<l  one-fourth  mile  east  of  Geo.  Clyde's  residence 
Tlie  lK»nch  mark  is  10  feet  souttiwi.st  of  a  fence  which  runs  H. 
«i«  E.  from  the  east  corner  of  a  large  l«arn  on  the  southeast 
side  of  the  road,  and  is  l»'il.r>  f«»et  from  the  east  corner  of  the 
barn,  ioOfeet  from  a  cross  road  leading  to  the  river,  and  22r>  feet 
southeast  of  the  southeast  fen«'e  line  of  Ciavton-Alexandr! 
Bayroad.  Theletten  *'  T.  S.P.  B.  M  2^  "urecnt'ou  the  l>ed  :...  k 
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Part  I— Continued. 

BENCH  MARKS  ESTABLISHED  BY  PRECISE  LEVELS  ALONG  THE  ST.  LAWRENCE 
RIVER  BETWEEN  HO(*ANSBUR(4,  N.  Y.,  AND  CAPE  VINCENT,  N.  Y.-< Continued. 


Description  of  lo<:atlon. 


Between  Alexandria  Bay  and  (Hayton,  N.  Y 

The  top  of  a  roundheaded  ono-foarth  inch  brass  bolt  c*«- 
meotc^d  into  bed  rock  6  iuches  below  the  surface  of  the  (i^ruiiud. 
In  front  of  Mrs.  Tom's  residenc'.e,  2.3  feet  southeast  of  ten<f; 
9(i  feet  northeast  of  north  fen<*e  comer  at  the  cross  roa«i  to 
Fischer's  lauding;  72. ((  feet  from  the  south  corner  of  Mrn. 
Tom's  refliden<;e,  and  131  feet  northwcsst  of  the  west  comer  of 
a  house  on  the  opposite  side  of  the  road.  The  letters  'U.S.  P. 
B.  M.  29'  are  cut  on  the  bed  rock. 

Between  Alexandria  Bay  and  Clayton,  N.  Y 

The  top  of  a  roundheaded  one  fourth  inch  braHs  l)olt  ce- 
mented into  l>ed  rock,  on  the  north  side  of  road  opposite  the 
proi>erty  of  Fetterlv,  16  feet  from  the  fence  line,  144  feet  west 
of  a  culvert  over  a  aried-up  creek  about  3  miles  northeast  of 
Clayton.  N.  Y.:  43  feet  east  of  the  southeast  comer  of  the  Fox 

Eroperty,  277  feet  went  of  the  northwest  corner  of  a  frame 
ouHe  south  of  the  road,  about  one-fourth  of  a  mile  west  of  a 
schoolhouse  located  on  the  top  of  a  ridge  ea.st  of  the  valley. 
The  letters  *'  U.  S.  P.  B.  M. :«)"  are  cut  on  the  bed  rock. 

AtClayton,  N.  Y 

The  center  punch  mark  in  the  end  of  a  one-fourth  inch  brasn 
bolt  cemented  into  the  corner  stone  of  water  table, «  inches 
from  the  southwest  corner  and  on  the  south  side  of  the  Catho 
lie  Church,  a  large  stone  building  in  (Uayton.N.  Y.  Thechurch 
is  on  the  east  side  of  James  street,  2(M»  feet  southwest  of  the  in- 
terser'ti(m  with  Mary  street.  The  lK*nch  mark  is  about  0  inches 
east  of  the  southwest  comer  of  the  <*hurch,  and  the  letters  "  U. 
S.  A.  ■'  are  <!Ut  on  the  water  table  near  the  mark. 

At  Clayton,  N.  Y 

The  center  punch  iimrk  in  the  end  of  a  one-fourth  inch  brass 
VK)lt  <«mentea  into  the  corner  st^ne  of  the  water  table  on  the 
front  of  house,  H  inches  from  the  northwest  comer  of  the 
stone  residence  of  E.  (?.  Porter,  on  the  east  side  of  John  street, 
lietween  Jane  and  Hugunin  striH'ts,  in  Clayton,  N.  Y.  The  let- 
ters **  U.  8.  B."  are  cut  on  the  water  table. 

At  Clayton,  N.  Y 

The  center  punch  mark  in  tlie  end  of  a  one- fourth  inch  brass 
l)olt  cemented  into  the  stone  of  masonry  wall  on  the  west  sitle 
of  the  stone  residence  of  Hall  B.  Dewev,  in  Clayton,  N.  Y.,  at 
the  southwest  corner  of  Hugunin  and  Mi'rrick  sirtM'ts,and  oim 
hliH'.k.  south  of  the  St.  Lawrence  River,  also  one  block  south- 
west of  the  N.  Y.  C.  &  H.  R.  R.  R.  station.  The  l)ench  mark  is 
3.r)  feet  from  the  northwest  corner  of  the  building  and  2.3  feet 
al)ove  the  surface  of  the  ground.  The  letters  "17.  S.  C."  are 
cut  on  the  masonry. 

Between  Clayton  and  Cape  Vincent,  N.  Y 

The  top  of  a  roundheiMliHl  one-fourth  inch  brass  Iwlt  ce 
mentt*d  into  a  large  sandstone  b<i wider,  which  is  set  firmly  in 
the  ground  and  which  is  5  feet  in  diameter  at  the  surface  ol 
the  ground;  52  feet  south  of  an  angle  in  the  road  about  3  mile> 
sontnwest  of  Clayton,  N.  Y.  It  is  on  the  timber  line,  at  the 
southwest  end  of  a  clearing  and  about  TidO  feet  southeast  of  a 
log  f>abin  3.5  feet  north  of  a  s]»ike  driven  in  a  blaze  (facing  the 
b*Mich  mark )  on  a  14-inch  oak  tree.  The  letters  '*  U.  S.P.  B,  M. 
31  '  are  cut  on  the  bowlder. 


Between  Clayton  and  CaiK)  Vincent.  N.  Y 

The  top  of  a  round  heatled  one-fourth  inch  brass  bolt  ce- 
mented into  bed  rock,  1  meter  west  of  the  vertical  ledge  of  ro<'.l: 
along  a  creek  and  445.3  meters  S  25"  E.  from  the  center  of  an 
arch  bridge  over  the  creek,  about  0  miles  southwest  of  Clay- 
ton, N.  Y.;  10.3  meters  8.  2)»'=^  W.  from  a  l4-iuch  elm  tree  east  of 
the  creek  and  11  meters  N.  2^  W.  from  an  IH-inch  elm  west  of 
thecreek.  Theletters  "U.  S.  P.  B.  M.32"andtwoarrow8iK>int- 
ing  toward  the  b«'n<;h  mark  are  cut  on  the  l»ed  rt)ck. 
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Part  I — Continued. 


BENCH  MARKS  ESTABLISHED  BY  PRECISE  LEVELS  ALONG  THE  ST.  LAWRENCE. 
RIVER  BETWEEN  HOOANSBURG,  N.  Y.,  AND  CAPE  VINCENT,  N.  Y.-Con tinned. 


Description  of  location. 


Between  Clayton  and  Capo  Vincent,  N.  Y 

Tbe  top  of  a  ronna-headed  one-fourth  inch  brass  bolt  c*j 
mented  into  bed  rock  about  800  feet  east  of  the  west  end  tjf 
Dodgres  Bay,  on  the  north  side  of  the  road;  22  feet  from  th^* 
ledge  of  rock  at  the  shore,  80.4  feet  west  of  a  10-inch  ash  tree, 
64.3  feet  north  from  a  nail  driven  in  a  blaze,  facing  tbe  mark,  on 
a  maple  tree  situated  on  the  fence  line  south  of  the  road;  66.H 
feet  north  of  the  intersection  of  fence  along  south  side  of  roaij 
with  a  division-line  fence  to  the  south.  The  letters  *'U.  S.  P, 
B.  M.  33 ''  and  arrows  pointing  to  the  mark  are  cut  on  the  bed 
rofk,  which  is  covered  slightly  with  earth  and  sod. 

Betweon  Clayton  and  Gape  Vincent,  N.  Y 

The  top  of  a  round-headed  one-fourth  inch  brass  bolt 
CO  men  ted  into  bed  rock  in  a  pasture  north  of  road:  520  feet  K 
57"*  E.  from  a  large  bowlder  on  the  north  of  fence  line,  whirl i 
bowlder  is  215  feet  west  of  10-foot  plank  bridge  over  a  dried-ij|i 
creek  and  344  feet  west  of  a  crossroad  leading  south  to  a  fram* 
house  at  the  foot  of  a  hill  in  Hester  Woods,  3.5  miles  below 
Cape  Vincent,  N.Y.  The  l>ench  mark  is  37  feet  east  from  a 
HpiKc  on  the  blaze  of  a  12  inch  elm  tree.  The  letters  *'U.  S.  P 
B.  M.  34  "  are  cut  on  the  bed  rock. 

At  Cape  Vincent,  N.  Y 

The  center-punch  mark  in  the  end  of  a  one-fourth  inch  bra-i^ 
rod  cemented  in  tho  comer  stone  at  the  southwest  corner  of 
the  United  States  Fish  Hatchery  fa  stone  building)  at  Cajn^ 
Vincent,  N.  Y.  The  mark  is  on  tho  ea.st  side  of  the  buildini^. 
0.38  meter  from  the  corner  and  1.04  meters  above  thesurfas^ 
of  the  ground.    The  letters  **  U.  S.  A."  are  cut  into  the  stone 

At  Cape  Vincent,  N.  Y 

On  a  1  inch  square  smooth,  level  surface  cut  on  the  top  ^  ! 
water  table  12  inches  south  of  the  northwest  corner  of  th«- 
Jerome  House,  a  brick  hotel,  situated  at  the  northeast  corner 
of  a  street  intersection  two  blf)cks  south  of  the  Cleveland  Secnj 
Co.'s  dock  and  warehouse  at  Cape  Vincent,  N.  Y.  The  stone 
of  the  water  table  has  cut  on  it  the  letters  **  U.  S.  B." 

At  Cape  Vincent,  N.Y 

The  center-punch  mark  in  the  end  of  a  one-fourth  inch  bra-- 
rod  cemented  in  the  corner  stone,  39  inches  west  of  the  north 
east  comer  of  tower  of  Catholic  Church,  a  large  stone  build- 
ing in  Cape  Vincent,  N.  Y.  The  letters  "U.  S.  C."  are  cut  on 
the  comer  stone. 

At  TiblHJts  Point,  near  Capo  Vincent,  N.  Y 

The  center-punch  mark  in  the  end  of  a  one-fourth  inch  bra-^-- 
rod  cemented  in  foundation  stone  on  the  north  side  of  Tibl:)et> 
Point  Light-House  tower  on  Tibljets  Point,  on  tho  .shor«^  of 
Lake  Ontario.  The  mark  is  t\  inches  aliovo  the  surface  of  the 
ground, and  the  letters  "IT.  S.  P.  B.  M.  .T)"  are  cut  on  th*> 
foundation  stone. 
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Part  IT. — Benc'i  marks  between  Lake  Erie  and  Lake  Ontario, 
LINE  FROM  BUFFALO  TO  OLCOTT,  VIA  TONA WANDA  AND  LOCKPORT. 


Location. 


Distance 
in  mileH 

from 
Buffalo 
bench 
mark. 


Buffalo  Liffht-HouHe 

Bench  mark  \h  located  on  east  corner  of  moAt  northerly  Buf- 
falo li^bt-houBe,  at  the  east  anfcle  and  on  the  upper  Hurface  of 
the  plinth  of  the  lieht-house  south  United  States  pier. 

International  Bridge,  Buffalo. 


Bench  mark  is  the  hisrhest  point  of  square  cut  on  projecting 
ledge  of  third  stone  from  south  end,  fifth  course  below  bridge 
seat  of  east  abutment  of  International  Bridge  over  Erie  Canal. 
Black  Rock,  Guard  Lock 


Bench  mark  is  sciuare  cut  in  coping  of  lock  masonry  on  tow- 
path  side  opposite  hollow  quoin  of  upper  gate. 

Between  Buffalo  and  Tonawanda 

Bench  mark  is  on  the  second  stone  below  the  coping  of  the 
south  end  of  the  west  abutment  of  Cherry's  bridge.  It  is  a 
square  cut  on  a  stone  projecting  ba<'k  of  the  abutment 

Tonawanda 

Bench  mark  is  a  square  cut  on  stone  water  table  on  west  side 
of  steeple  of  red-brick  church  at  the  southeast  comer  of  Broad 
and  Seymour  streets  (Christian  Chapel ). 

Tonawanda 

Bench  mark  is  a  sr|uaro  cut  on  the  northeast  surface  stone  of 
the  south  abutment  of  the  Tonawanda  Dam,  between  bolted 
iron  bars. 

North  Ton  a  wan  da 

Bench  mark  is  a  "half-square  cut  on  top  stone  step  of  east  en- 
trance to  Ascension  Church,  corner  Vandevoort  and  Robinson 
streets,  at  west  comer  doorsill. 

North  Tonawanda 

Bench  mark  is  a  square  cut  on  the  cut-stone  water  table  at 
the  left  of  the  entrance  to  the  old  engine  house  (1873)  of  the 
Tonawanda  Iron  and  Steel  Co. 

Sawyers  Oeek 

Bench  mark  is  a  S(]uare  cut  on  stone  water  table  at  southwest 
corner  of  liarrel-organ  factory. 

Pendleton  Center    

Bench  mark  is  a  s<iuare  cut  on  top  of  bowlder,  about  3  feet 
in  diameter,  of  light-colored  gneiss  or  granite.  The  bowlder 
is  on  ea.Ht  aide  of  highway,  and  about  4(NJ  feet  north  of  Erie 
R.  R.  station. 

Pendleton  Center 

Bench  mark  is  a  sciuare  cut  on  the  <romer  of  stone  water 
table  at  the  we.st  corner  of  brick  house  owned  by  fl.  S.  Taylor. 
Building  is  east  of  the  church. 

Lockp(>rt .. 

Bench  mark  is  a  square  cut  on  projection  of  stone  at  angle 
of  abutment  and  wing  wall,  lower  course,  south  angle  of  west 
abutment  of  the  more  westerly  of  the  two  subways  under  the 
N.  Y.  C.  R.  R.,  at  head  of  gulf,  about  1  mile  west  of  Lwkport. 

Lockport 

Bench  mark  is  a  S(|uare  cut  on  north  corner  of  water  table  of 
two  story  red-brick  dwelling  occupied  by  Mr.  Pickles.  Build- 
ing is  on  the  stone  road  about  2\  miles  northwest  of  Lockport. 

Schoolhouse  No.  KJ,  town  ot  Lockport 

Bench  mark  is  a  square  cut  on  west  end  of  stone  doorstep  of 
red-brick  schoolhouse.      Building  is  at  intersection  of  turn- 
m  pike  and  Ewing  road. 

WrightB  Corners  post-office 

Bench  mark  is  square  cut  on  stone  water  table  on  two-story 
brick  residence  occupied  by  Mr.  Boist,  at  northeast  corner  of 
house  House  is  about  3«I0  feet  north  of  intersection  of  Lake 
avenue  and  turnpike  road. 

Cemetery  United  States  Qeologlcal  Survey 

Bencn  mark  ia  loop  of  capital  P,  on  lot  monument,  Pettit  lot, 
southeast  corner.  Cemetery  is  on  east  side  of  Lake  avenue,  li 
miles  south  of  village  of  Newfane.  (See  report  of  New  York 
State  engineer,  IHMrt,  page  152.)  Elevation  aS5.flO+l.(lHf),  differ- 
ence in  datum,  — 356.W. 

Newfane 

Bench  mark  is  a  square  cut  on  cut-stone  liridge  seat  of  iron 
highway  bridge  on  crossroad  over  Eighteen  Mile  Creek  in 
northern  portion  of  village.  Square  is  at  north  end  of  east 
abutment. 

Schoolhouse  No.  10.  town  of  Newfane 

Bench  mark  is  square  cut  on  southwest  comer  of  stone 
water  table  of  brick  schoolhouse  on  west  creek  ri>ad,  about 
2,7(10  feet  north  of  Newfane  station. 
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Buffalo, 
N.  Y. 


—10.20 

— 13..'»7 
-13.  (W 

— 13.n 

—  14.83 

—10.21 

-11.17 

—  8.4« 
+  L22 

+  31.06 
+  0.44 


— 217.7« 


—186.49 


—232.98 


— 2K4.«:J 


589.81 

579.61 

576.24 
576.16 

576.04 

574.96 

579.60 

578.64 

581.83 
591.03 

620.87 
590.26 

400.48 
372.02 
404.32 

366.88 

306.18 
330.27 
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Part  TL,— Bench  marls  Itetveen  Tjike  Erie  and  Lake  Ontario — Continned. 
LINE  FROM  BUFFALO  TO  OLCOTT,  VIA  TONA WANDA  AND  LOCKPORT-  Coutiuuod. 


I^xration. 


Olcott 

Bench  mark  is  square  cut  on  stone  water  table  at  southwest 
comer  of  one- story  school  houscdistrictNo.ll.townof  Newfane 

Olcott 

Bench  mark  is  square  cut  on  stone  water  table  at  southwest 
corner  of  two-story  red-brick  buildinfc  occupied  as  a  general 
.store  by  C.  I).  8haw.  Building  is  on  north  side  of  street  and 
about  7<)0  feet  west  of  <'reek. 

Olcott 

Bench  mark  is  a  tH|uare  cut  on  south  end  of  stone  doorsill  of 
front  entrance  to  First  Universalist  Church,  a  rod-brick  build- 
ing erected  in  1H58. 


Distance!  E^v*. 

in  miles     Jj^J. 

from        wif 

Buffalo, 
N.  Y. 


Iiench 
mark. 


:i7.7 

-3n«.47 

:i7.7 

-XJ0.54 

3a.O 

-^mATi 

Eleva- 
tion 

above 

mean 
tide. 
New 

York. 

280.34 
25».37 


387.300 


BENCH  MARKS  ON  CANADIAN  SIDE  OF  NIAOARA  RIVER,  FROM  INTERNATIONAL 
BRIDGE  TO  FOOT  OF  LAKE  ERIE. 

[NoTK.— The  elevations  given  in  these  lists  dejiend  on  the  elevation  of  589.807  above  mean  tide 
at  New  York  of  the  bench  mark  on  light-hou.se  at  Buffalo,  determined  from  the  United  States 
Lake  Survey.] 


International  Bridge 

Bench  mark  is  a  square  cut  on  proje<ning  fa<.*e  of  stone  of 
fourth  course  below  oridge  seat  of  east  or  American  abutment 
of  main  bridge  over  Niagara  River.  It  js  on  Che  north  fae«  of 
Htone  at  the  northwest  corner  «)f  abutment 

Intemationul  Bridge 

Bench  mark  is  a  square  <"ut  on  ])rojt»cting  face  of  stone  of  fifth 
course  b»«low  bridge  seat  at  northeast  «*ornor  of  west  or  Cana- 
dian abutment. 

FortErie 

Bench  mark  is  the  head  of  a  spike  driven  in  1)ench  cut  on  root 
of  Cottonwood  tre*).  The  tree  isaboat  22^)  feet  north  of  the  Fort 
Erie  Ferry  landingand  alx>utlOfeoteastof  the  M.C.R.R.tractks. 

Lake  Erie 

Bench  mark  is  the  head  of  a  spike  driven  in  bench  cut  on  north 
tree  of  row  of  six  willows  just  south  of  group  of  five  willows 
in  front  of  Constable  Metcalf*s  house  at  the  head  of  Niagara 
River  on  Canadian  side. 


4.6 

-7.7tt 

4.7 

-10.00 

6.0 

-19.48 

7.H 

-7.U2 

582.08 


579.21 


570.33 


581. 


BENC^H  MARKS  FROM  NORTH  TONAWANDA  TO  NIAGARA  FALLS. 


Crossing  of  B.  &  N.  F.  E.  R.  R.  over  N.  Y.  C.  Ss  Erie  R.  Ra 

Bench  mark  is  the  topof  1-inchanchor  bolt  (marked  **  X  "  with 
chisel)  in  the  north  foundation  of  the  first  iron  trestle  l>ent 
west  of  the  east  abutment.  Bolt  is  the  northeast  l)olt  of  four 
in  foundatitm. 

TownofWheatfleld,  District  No.  S 

Bench  mark  is  a  square  cut  on  south  end  of  stone  water  ttible 
on  t>ast  front  of  brick  schix^lhouse. 

Lasallo     .  .. 

Bench  mark  is  the  summit  of  a  square  cut  on  northwest  corner 
of  bridge  seat  of  oast  abutment  of  N.  Y.  (\  R.  R.  bridge  over 
( 'uyuga  Creek  just  south  ol  the  I^iasalle  station. 

Town  «»f  Niagara,  District  No. 5  

Bench  mark  is  the  summit  of  a  square  cut  on  the  southwest 
<'orner  of  stone  water  table  on  brick  schoolhouse. 

Echota 

I^?ni*h  mark  is  a  square  cut  on  cut  stone  doorsill  of  west  door 
of  southfaceof  N.Y.('.R.R.station.    Mark  is  at  weKten<lof  sill. 

Niagara  Falls  Power  Co 

Bench  murk  is  a  small  Miuare  cut  on  northwest  corner  of 
square  stone  5.5  inches  square  set  in  concrete  alx>ut  10  feet  weat 
of  entrance  to  main  power  house.  It  is  in  gutter  at  front  of 
building  and  a  references  stone  for  tunnel  center  line.  There 
is  a  lead  plug  in  top. 

Niagara  Falls  Power  Co.'sljench 

Bench  mark  is  the  toi)  of  a  spike  in  wood  set  down  in  pit  with 
brick  walls  at  foot  of  elm  tr<H»  5  feet  in  diameter.  Tree  is  just 
outside  of  curb  on  Buffalo  avenue  and  800  feet  west  of  entrance 
to  power  house.  Pit  is  covered  with  flat  stone  15  inches  square, 
with  iron  ring  in  top. 


15.8 


IH.O 
18.4 


-17.47 


-i;j.46 

-18.39 


r.».4  -14.75 

'ZX.i  —17.13 

23.6  —33.47 

I 

32.8  !  —23.00 


572.34 

576.38 
571.42 

575.06 
572. 69 
566.34 

566.81 


DKEP    WATKRWAYi- 


10:59 


Part  II. — Bench  mark'H  Itetvaeu  I^ike  Krie  and  Ixike  Onlarin — (  o:  tinae<l. 

BEN(!H  MARKS  FROM  LASALLK  T()  LKWISTOX. 

[See  page  l(Ur>.  ] 


bl«t«nce!   EWa 


lifHtathm. 


Lockport  Branch  N.  Y.  C.  R.  R 

Bench  mark  is  a  sqaare  cut  at  northwest  corner  t>f  cnt-stono 
inonament  betwt^n  tracks.  Monument  is  numbered  16  and  is 
at  a  point  about  tiUU  feet  went  of  military  road,  where  Cataract 
i'onstrnction  Co/s  line  branches  to  H«}uthwe8t. 

Lewittton 


in  miles 
from 

Buffalo 
bench 
mark. 


«M.8 


Bench  mark  is  the  Hummit  of  a  Kouaro  cut  on  flat  rock  approx- 
imately .')U  feet  from  north  pillar  of  Fenjerrick  gateway.  Gate- 
way is  on  military  road  aiMUt  ^fJO  feet  south  of  junction  with 
river  road,  just  south  of  the  escarpment. 

Lewistou 

Bench  mark  is  a  square  cut  on  northwest  comer  of  d(K>rsill 
of  north  door  of  west  wing  of  seminary  building.  Center  and  I 
Ninth  streets.  ! 

Lewiston    

Bench  mark  is  a  stiuare  (;ut  on  water  table  northeast  corner  I 
of  foundation  of  bricK  store  owned  by  Eugene  Murphy.    Build- 
ing is  on  lot  No.  'JS^i£,  on  south  side  of  Center  street  Iwtween  ' 
Fourth  and  Fifth  streets.  I 

Lewiston 

Head  of  spike  driven  in  bench  cut  on  root  of  white-oak  tree  ! 
12  inches  diameter.    Tree  is  just  west  of  river  road,  1.3  miles  i 
north  of  Lewiston  and  about  l,«0(>feet  north  of  the  residence 
of  P.  Hays 

Lewiston 

Bench  mark  is  a  siiuaru  cut  on  top  of  west  wing  of  north 
abutment  of  trestle  No.  :J,  on  Gorge  route  over  Fish  Creek, 
alx)ut  r>,«0(i  fe«*t  south  of  N.  Y.  C.  R.  R.  station.  The  square  is 
on  the  southeast  corner  of  fltth  stone  from  west  end  of  wing. 


tion 
above 
bench 
mark, 
Buffalo, 
N.  Y. 


+  i«.jr> 


fio.ntj 


L'rt.  .1 

—  lS8.flO 

2»i.  5 

—aw.  50 

LT.  7 

— 3fH.lH 

- ;.  .1 

—Kir,.  25 

Eleva- 
tion 
above 
mean 
tide, 
New 
York. 

U06.16 


(»N).74 


401.21 


:)tK{.  22 


:cir».  17 


2M.56 


Part  ll\.— Bench  riuirkn  eHtablMexi  hi/  precine  Icreln  ah)ng  the  Detroit  River ^ 
lAike  St.  (Vair,  and  tfi4*  St.  Clair  Rij^er  betmeen  Gibraltar  ami.  Port  HnroUy 
Mwh, 


iK^KTription. 


Distance 
in  miles 
j     from 
bench 
I  mark  at 
I  Gibral- 
tar, 
;    Mich. 


Eleva- 
tion in 

feet 
above 

the 

])en«!h 

mark  at 

Gibral 

tar, 

Mich. 


At  Gibraltar,  Mich 

The  c>»nter  of  small  hole  in  the  head  of  a  copper  lK)lt,  leaded 
horizontally,  in  the  foundation  wall  of  light  hcmse  tower  <now 
aban(loiie<l  and  used  as  a  dwelling )  at  its  southeast  corner,  «»ast 
face,  and  in  the  fourth  <;ourse  of  masonry  below  the  cut  sand- 
stone water  ta))le.  Tliis  corresponds  to  the  L'nited  States 
]>ench  mark  ''Gibraltar  '  of  1877;  elevation,  .Vfii.4,'). 

At  Gibraltar,  Mich . 

i  )n  the  same  light-hou.se  as  alKjve  i  now  used  as  a  dwelling 
house).  On  the  southeast  «x>mer  of  the  stone  doorsillof  the 
door  in  the  southeast  angle  of  the  building:  being  marked  by 
a  right  angle  cut  on  the  stone.  Tliis  corres]>on(Ts  to  iM^nch 
mark  2  of  1875:  elevation,  .'i84.»7. 

At  GibralUr,  Mich  

In  the  south  i>art  of  the  town,  «)n  lake  front,  in  the  rt>ar  of 
Mr.  Edward  Hall's  <l<xrk  and  l>oathouse.  75  feet  southwest  of 
his  house,  in  the  northt^ast  <M>rner  of  stone  milk  house,  in  east 
fa*-©  8  inches  south  fri>m  comer,  and  4  feet  4  inches  above 
ground;  l)eing  center  mark  of  brass Ixtlt. leaded  horizontally. 

At  Trenton,  Mich 

Gn  the  southeast  corner  of  Washmgton  avenue  and  St.  Jos 
eph  street,  in  the  northwest  corner  of  "Commercial  Hotel."  in 
west  face,  second  stone  from  corner,  and  in  first  course  lielow 
wat^^r  table:  Ijeing  «:enter  of  small  hole  in  copi)er  l)olt,  leade<l 
horizontally.  This  «rorresi)onds  to  llnite<l  States  bench  mark 
"Trenton  "  of  1877;  elevation,  «iW.i2 


2.51 


Eleva- 
tion in 

feet 
above 
mean 
tide  at 
New 
York. 


:>82.45 


.-184.96 


.VOH  i         -187. 5:{ 


211.  {17  I        (MM.  42 
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Part  111. — Bench  markH  establisJwd  Iry  precise  levels  alon{f  the  Detroit  River, 
Lake  St.  Clair,  and  the  St.  Clair  Rh}er  beticeen  Gibraltar  and  Port  Huron, 
Mich, — ( 'ontinned. 


J)eHCTiptUm. 


At  Trenton,  Mich 

On  the  northwest  c<irner  of  St.  Joseuh  street  and  Washinff- 
tou  avenue,  in  stone  base  of  store  buildins  belongintr  to  Jnsepb 
Anderson,  5  feet  4  inches  north  of  north  Hide  of  d(K)r  and  4{ 
inches  south  of  north  pillar  and  4  inches  Imck  from  face,  l>ein{? 
t^^p  of  brass  bolt,  leaded  vertically,  and  marked  "  U.  8.  P.  B.  M.*" 

Between  Trenton  and  Wyandotte,  Mich. 


The  lx»n<'h  mark  is  iJiiSb  feet  alKJvo  Sibley's  stone  ouarry 
(crushing  plant  >.  on  the  north  side  of  Mud  street  and  SlU  feet 
west  of  center  of  South  road,  in  foundation  of  F.  B.  Sibley's 
residence,  in  first  course  below  base  board  and  1.5  feet  al»ove 
ground,  18.W  feet  south  of  the  northea.«*t  corner.  Iteing  tienter  of 
punch  mark  in  brass  l)olt,  leaded  horizontally,  and  marked 

U.S. 

P.  KM. 
At  Wyandotte,  Mich 

On  the  we«*t  side  of  Biddle  avenue.  171  feet  south  of  south  side 
of  Oak  street,  in  south  pedestal  stone  of  south  pillar  of  brick 
store,  usikI  as  meat  market,  owned  by  f.  P.  Debo.  It  is  hi 
in<rhes  east  of  fai'e  of  buildinij:  and  4*  inches  north  of  north  face 
of  pillar,  beinti:  top  of  brass  bolt,  leaded  verti(»lly,and  marked 

U.  o. 
P.  B.  M. 
At  Wvandotte,  Mich 

it  is  2,7(W  feet  west  of  Biddle  avenue,  on  south  side  of  Oak 
street,  in  Union  Scho<.»l  building,  on  north  side  of  foundation, 
in  third  <*ourse  of  masonry  l>elow  the  water  table  inclosed  by 
Are  escape  wire  scr«;en,  l>eing  center  of  small  hole  in  head  of 

•  opper    bolt,   leaded    horizontally,    and    marked    p    3    '^ 

This  corresponds  to  United  States  l»«»nch  mark  "Wyandotte" 
of  1?<77;  elevation,  r>H6.27. 

At  Ecorse,  Mich 

On  the  east  side  of  river  road,  at  the  fo<jt  of  Laljadie  street, 
on  Mr.  W,  D.  Smith's  residence,  in  the  e.^i^^t  face  of  foundation. 
l(>i  int;hes  from  the  southeast  <rorner,  in  the  seventh  course  ot 
brick  below  the  base  Injard,  Ix'iug  center  mark  of  brass  Iwlt, 
leaded  horizontally. 

At  Ecorse,  Mich 

Opposite  the  head  of  Fighting  Island,  at  the  Tecumseh  Salt 
Works,  136  feet  east  of  the  northeast  corner  of  lioiler  ro<»ra,  on 
river  front  at  the  end  of  railroad  tra<'k,  11  feet  west  <»f  the 
bumper  and  4i  feet  north  of  north  rail,  on  top  of  pile  10  in(*hcs 
in  diameter  and  14  inches  above  ground,  being  top  of  akl  wire 
s])ike  driven  to  surface  and  circumscribed  by  a  :/-inch  stiuare 
cut  into  the  wood  by  a  cold  chisel. 

At  Delray,  Mich 

At  the  northeast  corner  of  River  and  Louis  streets,  011  the 
west  side  of  first  entrance  east  from  Lt)uis  street,  on  the  south- 
west corner  of  jx^destal  stone  of  west  pillar  of  doorway.  Iteing 
the  corner  of  stone  marked  by  two  Imes  cut  at  right  angles 
with  each  other  and  forming  a  s<iuare. 

At  Detroit,  Mich 

In  the  southwest  quart<»r  of  the  Fort  Wayne  grounds,  on  the 
river  front  of  building  No.  &),  officers'  <iuarter8,  in  the  center 
of  wat-er-table  course,  2(>  inches  east  from  vertical  centei*  line 
of  front  of  building,  and  3  feet  5  inches  al>ove  the  ground,  l>eing 

center  of  brass  bolt,  lea<led  horizontally,  and  markotf  p  g  '^ji 

At  Detroit,  Mich ...   . 

On  the  south  side  of  Atwater  street  east,  (me  block  and  a  half 
east  of  Woodward  avenue,  on  the  olflce  building  of  the  city 
electric  lighting  plant,  on  the  west  end  of  doorstone  of  front 
entrance,  5  inches  east  of  west  face  and  4  inches  north  of  south 
face,  being  top  of  brass  bolt,  leaded  vertically,  and  marked 
U.  S. 
D 
P.  B.  M. 

At  Detroit,  Mich 

On  the  foundation  of  the  light-house  depot,  8.2  feet  below 
outer  edpe  of  the  water  table,  ou  the  west  door  jamb  of  south 
door;  l>eing  center  of  crosKcut  in  thestone.  This  correspond** 
to  United  States  l»encb  murk   •D^'troit."    l***!;  eleva'ion,  .''•84  7^ 


Distance 
in  miles 

from 

l)ench 
mark  at 
I  (iibral- 

tar. 

Mich. 


6.1 


9.3 


11.5 


12. « 


1«.2 


21.7 


Eleva- 
tion in 

feet 
above 

the 
bench 
mark  at 
Gibral- 
tar, 
Mich. 

19.  Ih 


10.  w 


Eleva- 
tion in 

feet 
above 


tide  at 
New 
York. 


*V)1.«3 


Wr.i.3H 


3.21 


10. 7» 


.4© 


2.29 


5Kr>.(Ui 


5S6.31 


5M.70 


578.60 


593.24 


601.43 


582.94 


584.74 
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Part  III. — Bench  marks  established  by  precise  levels  along  the  Detroit  River, 
Lake  St.  Clair,  and  the  St.  Clair  River  between  Gibraltar  and  Port  Huron^ 
Mich .  — Con  ti  nned. 


Description. 


Distance 
in  miles 
from 
bench 
mark  at 
Gibral- 
tar, 
Mich. 


Eleva- 
tion in 
feet 
above 

the 
bench 
mark  at 
Gibral- 
tar, 
Mich. 


Eleva- 
tion in 

feet 
above 

mean 
tide  at 

New 
York. 


At  Detroit,  Mich 

At  the  northeast  corner  of  Wight  street  and  Mount  Elliott, 
on  the  north  end  of  doorstep  of  west  entrance  to  Ireland  & 
Matthews  Mannfacturmijr  Co.,  6  inches  from  north  end  of  step, 
and  3i  inches  from  front  edge  of  stone;  being  top  of  brass  bolt, 

leaded  vertically,  marked       D 

At  Detroit,  Mich .*...'.... 

At  the  Detroit  Waterworks,  on  standpipe  tower,  on  side 
facing  the  river,  on  son  th  west  end  of  doors  tone  of  entrance  to 
tower,  5  inches  northeast  from  vertical  face  and  4  inches  from 
edge  of  stone;  being  top  of  brass  bolt,  leaded  vertically,  and 

-U.S. 
marked       Q 

P.  B  M.  ' 

Near  Detroit,  Mich 

At  Windmill  Point  light-house  station,  on  the  southwest  cor- 
ner of  keeper's  house,  3  feet  5  inches  east  from  sloping  comer, 
in  third  course  of  masonry  below  water  tAble.  and  3i  feet  above 
ground;  being  center  mark  in  brass  bolt,  leaded  horizontally, 

•U.S. 
and  marked       D 

P.  B.  M." 

Near  Detroit,  Mich 

At  Windmill  Point,  in  the  foundation  of  light-house  tower,  in 
its  north  by  east  face,  in  fifth  course  of  the  masonry  below  the 
cut  Htone  water  table;  being  a  horizontal  grroove  cut  in  stone 
slab,  2^  by  U  inches,  on  face  set  in  flush  with  masonry,  and 
known  as  old  bench  mark  "  W." 

Near  Grosse  Point,  Mich  .  

At  '*  Cottage  Grove  Post-Ofllce  "  on  the  southwest  comer  of 
Chas.  Seitz's  house,  7^  feet  west  of  corner,  and 4^  inches  below 
west  end  of  stone  window  sill,  and  2  feet  Si  inches  above  stone- 
work of  foundation,  in  se<*ond  course  of  brickwork  below  win- 
dow sill;  being  center  of  brass  bolt  and  leaded  horizontally. 

At  New  Baltimore,  Mich 

In  the  southwestern  part,  on  the  lake  front,  on  the  north- 
west side  of  Main  street,  in  the  front  face  of  foundation  of 
house  owned  by  heirs  of  Edward  Rose,  7  inches  west  of  cellar 
window,  and  5  mches  below  water  table;  being  center  mark  of 

brass  bolt,  leaded  horizontally,  and  marked  p  g  jj  " 
At  New  Baltimore,  Mich .* 

At  the  southwest  comer  of  Main  and  Washington  streets,  on 
the  corner  building  owned  by  William  Baker,  north  side,  in  the 
window  ba'je  of  west  window,  9  inches  east  of  west  end  of 
stone,  and  4  inches  from  its  front  edge;  being  top  of  brass  bolt, 

leaded  vertically,  and  marked  p  g  jj  " 

At  New  Baltimore,  Mich 

Atx>ut  1,U(jO  feet  above  Washington  street,  on  east  side  of 
Main  street,  at  the  northwest  comer  of  Henry  C.  Schnoor's 
residence,  in  water  table,  0  inches  east  of  its  west  end;  beins: 
center  mark  of  brass  bolt,  leaded  horizontally,  and  markea 
'•  U.  8. 
P.  B.  M." 

Between  Swan  Creek  and  Fair  Haven,  Mich 

About  I  mile  west  of  Fair  Haven,  and  about  a  half  mile  east  of 
Swan  CYeek,  at  the  southwest  comer  of  Mrs.  C.  Rose's  house, 
south  face;  in  the  foundation,  fourth  course  above  ground, 
second  course  below  water  table;  being  center  mark  of  brass 

TT  S 
bolt,  leaded  horizontally,  and  marked  p  b  j£'» 

AtFair  Havon,  Mich.. '. ..' 

At  Henry  C.  Schnoor's  stave  mill,  on  the  lake  front,  in  the 
south  face  of  brick  chimney  near  the  boiler-room  door,  in  the 
tenth  brick  east  from  went  fac**,  and  in  the  twenty-second 
course  of  brick  above  the  ground;  being  center  mark  of  brass 
bolt,  leaded  horizontally. 
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Part  111,— Bench  marks  establWied  by  precise  levels  along  the  Detroit  River, 
Lake  St.  Clair,  and  the  St.  Clair  River  between  Oibraltar  and  Port  Huron^ 
Mich. — Continued. 


Description. 


At  Algronac,  Mich 

In  the  foandation  of  public  school,  at  the  northeast  corner  of 
east  wing,  in  north  face  of  comer  stone;  beingcenter  mark  of 

brass  bolt,  leaded  horizontally,  and  marked  p  q  ji 

At  Alf^nac,  Mich 

In  the  foundation  of  the  town  hall,  on  its  east  face,  sixth 
brick  south  from  the  northeast  comer,  and  in  the  eighth  course 
of  brick  above  stone  foundation;  being  center  mark  of  brass 
bolt,  leaded  horizontally. 

Near  Roberts  Landing,  Mich 

About  one-half  mile  north  of  Roberts  Landing,  on  the  river 
front,  on  the  house  owned  by  D.  B.  Shier  and  A.  S.  Freeman,  on 
the  north  fac*e  in  the  comer  brick  at  the  northwest  corner  of 
kitchen,  in  the  sixteenth  course  above  ground;  being  center 
mark  in  brass  bolt,  leaded  horizontally. 

At  Marine  City,  Mich 

On  the  southeast  corner  of  Water  and  Union  streets,  in  the 
Marine  City  Stave  Co.  's  store,  near  northwest  comer,  on  stone 
base  under  window,  8  inches  south  of  north  end  and  2^  inches 
from  front  edee;  being  top  of  brass  bolt,  leaded  horizontally, 

and  marked  p  g  ji 

At  Marine  City,  Mich..* 

On  the  northwest  comer  of  Main  and  Broad  streets,  on  the 
city  hall,  near  its  southeast  comer,  at  the  window  entrance 
to  corridor.  3  feet  6  inches  above  the  ground,  5  inches  south  of 
the  north  jam;  being  the  top  of  a  brass  bolt,  leaded  vertically, 
U.S. 


and  marked 


P.B.M. 


At  Marine  City,  Mich 

In  the  upper  part  of  the  city,  at  the  city  waterworks  bnildins, 
on  west  face.  5  inches  north  from  the  southwest  comer,  and  zk 
feet  above  grround;  being  center  mark  of  brass  bolt,  leaded 
horizontally. 

At  East  China,  Mich 

A  half  mile  above  Ricord's  dock,  on  river  front,  in  foundation 
of  Rankin's  house,  south  side,  between  kitchen  and  cellar  doors, 
Sd  inches  east  of  east  kitchen  door  jam^  7t  inches  below  weather 
board  and  18  inches  above  ground;  bemg  center  mark  of  brass 

bolt,  leaded  horizontally,  and  marked  p  3  i£ 

At  St.  Clair,  Mich 

In  the  lower  part  of  the  town,  on  river  front,  at  John  Schlin- 
kert's  coal  vard,  in  brick  wall  of  "old  storehouse,**  7i  inches 
north  from  the  southeast  corner  and  4.1  feet  above  ground,  and 
in  the  twenty-first  course  of  brick  below  woodwork  of  gable; 
beini;  center  mark  in  brass  bolt,  leaded  horizontally. 

At  St.  Clair,  Mich 

At  the  city  waterworks,  5  feet  71  inches  south  of  south  end 
of  door  stone  at  main  entrance,  in  water  table;  being  top  of 

TT     <J  c»  r 

brass  bolt,  leaded  vertically,  and  marked  p^  j( 

At  St.  Clair,  Mich ......'. 

On  the  top  of  north  hill,  on  west  side  of  Front  street,  in 
foundation  of  Mr.  Mark  Hopkins's  residence,  in  the  east  face,  in 
j»e<*ond  stone  south  of  the  uoriheast  comer,  top  tM)ur8e  of  ma- 
sonry; being  center  mark  in  brass  bolt,  leaded  horizontally, 

marked  p  g  jj 

At  Marysville,  Mich 

Diagonally  opposite  Marysville  Hotel,  in  foundation  of  N.  B. 

Mills's  store,  in  second  brick  east  from  west  comer  and  in 

seventh  course  above  stone  foundation;  being  center  mark  in 

brass  l>olt,  leaded  horizontally. 

At  Marysville,  Mich 

At  the  upper  mill  (Sanbum  sawmill),  on  f;himney  bearing 

stone  marked  '*]871,*'  in  west  end  of  south  face  in  corner  brick, 

seventeenth  courfte  above  the  stone  foundation;  being  center 

mark  in  bra.ss  bolt,  leaded  horizontally. 
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Part  Ill.—Bench  marks  established  by  precise  levels  along  the  Detroit  River ^ 
Lake  St.  Clair,  and  the  St,  Clair  River  between  Gibraltar  and  Port  Hnron, 
Mich.  —Con  tinned . 


Deecription. 


Kear  Port  Huron,  Mich 

Aboat  '£  miles  below  Black  River,  Port  Haron,  on  river,  at 
Alverson  &  Dunford's  dry  dock,  in  south  face  of  the  boiler 
bouse  of  pamplng  station,  in  top  coarse  of  stone  foundation, 
10  inches  west  from  west  face  of  coal  door  and  6  inches  below 
top  of  stone;  beinfir  center  mark  of  brass  bolt,  leaded  horixon- 

tally,  and  marked  p  g  j^ 

AtPortHaron,  Mich 

It  is  290  feet  south  of  Black  River,  on  west  side  of  Military 
street,  on  the  opera  house  block,  at  center  post  of  front  en- 
trance, on  the  extreme  southeast  corner  of  iron  plate;  being 
surface  inside  of  square  1  inch  on  a  side. 
At  Port  Huron,  Mich 

On  the  court-house,  on  the  stone  dor>r  step  of  the  northeast 
basement  door,  -H  inches  south  of  south  Jam  and  3^  inches  from 
front  edgre;   being  top  of  brass  bolt,  leaded  vertically,  and 

marked  p  ^  j^ 

At  Port  Huron.  Mich 

At  the  city  waterworks,  at  the  south  end  of  coal  shed,  66  feet 
south  of  8outh  face  of  main  building,  on  coping  stone  of  the 
south  retaining  wall,  6  inches  from  its  south  race  and  6  inches 
from  its  east  end,  at  which  point  of  wall  of  south  end  of  coal 
shed  rises  vertically  3  feet  to  upper  coping;  being  top  of  brass 

bolt,  leaded  vertically,  and  marked  p  g  jf 

At  Port  Huron,  Mich !.....'. 

At  the  foot  of  Lake  Huron,  2k  miles  above  the  Black  River, 
Pore  Huron,  at  Fort  Gratiot  light-house,  in  south  foundation 
wall  of  brick  dwelling  at  light-nouse.  in  npper  course  of  ma- 
sonry, 2.1  feet  from  southeast  comer  ana  i).6  foot  below  the 
water  table:  being  center  of  small  hole  in  head  of  copper  bolt, 
leaded  horizontaUy.  This  corresponds  to  U.  8.  B.  M.,  **Fort 
Gratiot,"  1877  elevation  589.90. 
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Appendix  No.  i-^3. 


REPORT  OF  THE  SECRETARY  OF  THE  BOARD. 

U.  8.  Board  of  Engineers  on  Deep  Waterways, 

Office  of  the  Secretary, 
Detroit,  Mich,,  June  30,  1900. 

Gentlemen  :  As  secretary  and  disbursing  officer  of  the  Board,  I 
have  the  lionor  to  file  the  following  report: 

August  10,  18i)7,  tlie  Secretary  of  War,  by  direction  of  the  Presi- 
dent, commissioned  me  as  secretary  of  the  Board,  to  date  from  August 
7,  1897,  and  I  was  directed  to  report  to  Major  Raymond,  Corps  of 
Engineers,  I".  S.  Army,  at  Philadelpliia,  wiiich  I  did  on  August  12, 
when  the  Board  met  and  organized. 

On  October  22,  1807,  I  filed  with  the  War  Department  surety  bond 
No.  219184  of  the  American  Surety  Company,  New  York,  dated 
August  IS,  1897,  in  my  favor,  for  $25, (XX),  having  been  designated  as 
disbursing  officer  to  disburse  the  appropriation. 

This  bond  was  for  one  year,  and  was  approved.     It  has  been  renewed 
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from  time  to  timo  and  is  still  in  force.  It  has  cost  me  $308.33  for  pre- 
miums thereon.  Previous  to  the  tiling  of  my  bond  Major  Raymond 
had  acted  as  disbursing  otficer. 

The  assistant  treasurer  of  the  United  States,  New  York,  was  des- 
ignated as  depositary  of  funds  belonging  to  the  various  appropriations 
made  by  acts  of  Congress  for  the  work  of  the  Board,  though  a  small 
deposit  was  kept  with  the  Comm.ereial  National  Bank,  Detroit,  United 
States  depository,  for  convenience  in  making  local  payments.  The 
total  deposits  have  been : 

With  assistant  treasnrer ,  United  States,  New  York $365, 000. 00 

With  Commercial  National  Bank,  Detroit 119,908.64 

Total.     .     484,908.64 

All  bills  have  been  paid  by  check  ui>on  vouchers,  the  checks  in  all 
cases  being  drawn  to  the  order  of  the  person,  firm,  company,  or  cor- 
poration to  whom  the  payment  was  due.  Under  no  circumstances 
has  a  dollar  of  the  appropriations  been  drawn  out  in  any  other  way. 
In  order  that  incidental  expenses  of  field  parties  might  be  adjusted 
with  promptness  and  the  vigorous  prosecution  of  the  work  not  hin- 
dered by  delay  in  making  payments  of  board  bills,  traveling  expenses, 
etc. ,  while  awaiting  the  preparation  of  proper  vouchers,  money  has  at 
various  times  been  advanced  to  the  chiefs  of  parties  by  Mr.  Noble  and 
Mr.  Wisner,  members  of  the  Board  and  by  the  chiefs  of  parties  them- 
selves. This  has  necessitated  recourse  to  the  expedient  of  reimburse- 
ment vouchers.  The  plan  worked  well,  and  work  has  never  been 
permitted  to  lag  for  an  instant  for  lack  of  funds.  l?hese  gentlemen 
are  entitled  to  the  thanks  of  the  Government  for  willingness  to  draw 
upon  their  private  resources  in  order  to  expedite  the  work,  and  the 
disbursing  officer  hereby  expresses  his  appreciation  of  the  cheerful 
acquiescence  with  which  they  met  his  wish  to  avoid  the  handling  of 
Government  monej^  and  to  make  no  payments  except  by  check  upon 
vouchers  duly  and  properly  executed. 

At  thii  outset,  with  many  field  parties  scattered  over  a  wide  area,  it 
was  often  difficult  to  get  the  vouchers  promptly  and  in  correct  form 
to  meet  all  the  requirements  of  tlie  Treasury,  and  but  for  the  gener- 
ous <action  of  members  of  the  Board  and  chiefs  of  parties  it  would 
have  b(*en  necessary  at  times  to  draw  out  considerable  sums  and 
intrust  the  same  to  many  different  employees  in  anticipation  of  pay- 
ments that  had  to  be  made  in  casli  on  the  spot  and  before  vouchers 
could  be  procured.  By  advancing  their  own  money  and  the  employ- 
ment of  reimbursement  vouchers,  with  receipts  attached  as  subvouch- 
ers,  all  delay  was  avoided,  and  the  field  work  was  pushed  at  all  points 
with  remarkable  celerity  and  success.  Chiefs  of  parties  were  not  all 
trained  ficcountants,  and  the  most  carefully  prepared  detailed  instruc- 
tions from  this  office  did  not  entirely  eliminate  errors,  and  it  was  some- 
times necessarv  to  return  vouchers  several  times  for  correction  before 
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checks  could  be  drawn.  Every  assistance  possible  was  afforded  by 
the  force  of  clerks  in  the  secretary's  office,  and  chiefs  of  parties  were 
not  permitted  to  be  hampered  in  their  field  surveys  and  investiga- 
tions by  the  supervision  of  unnecessary  clerical  work.  The  Board  at 
one  time  had  twelve  parties  in  the  field  and  in  its  employ  about  400 
men,  and  the  monthly  expenditures  amounted  to  as  much  as  $35,000. 

It  was  the  practice  of  tliis  office  to  pay  all  vouchers  sent  in  from 
the  field  within  twenty- four  houra  of  their  receipt,  except  in  cases 
where  they  were  in  some  respect  faulty,  when  they  were  returned 
immediately  with  instructions  how  to  make  the  necessary  alterations 
or  emendations,  and  it  was  rare  that  more  than  a  week  was  consumed 
in  getting  tliem  back  ready  for  payment.  It  is  believed  that  the 
promptness  and  accuracy  with  which  disbursements  have  been  made 
by  this  office  have  given  the  utmost  satisfaction  to  all  concerned. 
Only  once — in  the  summer  of  1898,  when  the  Board  was  organizing  a 
number  of  new  field  parties — was  the  rule  of  having  the  office  crowd 
the  work  departed  from.  Vouchers  accumulated  with  such  rapidity 
that  the  clerical  force  could  not  handle  them,  and  for  a  week  or  two 
the  work  crowded  the  office.  The  sudden  death  of  Mr.  Richard  Com- 
mon, chief  clerk,  added  to  the  embarrassment.  But  the  tangle  was 
soon  unraveled,  and  did  not  occur  again. 

Secretary  Alger  in  the  orders  of  October  20,  1897,  for  the  govern- 
ment of  the  Board,  allowed  it  considerable  latitude  in  the  matter  of 
making  purchases,  and  directed  that  all  reports  be  made  directlj^  to 
him.  He  also  relieved  the  Board  from  the  operations  of  the  civil- 
service  act  in  the  selection  of  their  subordinates.  This  confidence 
was  highly  appreciated  and  never  abused,  and  it  worked  greatly  to 
the  advantage  of  the  Government,  so  far  as  this  particular  work  was 
concerned.  Purchases  were  made  in  open  market  whenever  that 
method  was  the  most  expeditious  and  economical.  Bids  were  asked 
for  when  there  was  time  and  the  delay  would  not  interfere  with  vig- 
orous prosecution  of  the  work. 

In  the  selection  of  employees  care  was  exercised  to  choose  men 
with  reference  solely  to  their  especial  fitness  for  the  work  they  were 
required  to  do,  and  it  may  be  said  without  fear  of  contradiction  that 
no  more  capable  and  efficient  corps  of  subordinates  was  ever  assem- 
bled than  that  one  which  has  had  charge  of  the  various  departments 
under  this  Board.  This  remark  applies  not  only  to  the  chiefs  of 
parties,  but  to  the  men  who  made  up  those  parties;  to  the  field  work 
not  only,  but  to  the  drafting  and  computing  department  and  to  the 
secretarj-'s  office  as  well.  The  Board  has  been  absolutely  nonpartisan. 
No  man  was  asked  as  to  his  politics  or  his  political  backing.  Fitness 
was  the  only  test  applied. 
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Following  is  a  statement  of  receipts  and  expenditures  during  the 
life  of  the  Board,  to  and  including  June  30,  1900: 

RECEIPTS. 

Appropriation  act  approved — 

June4,18d7 $150,000.00 

July  1,1898 225,000.00 

March3.1899 90,000.00 

February  9, 1900 20,000.00 

Miscellaneoti^  receipts 712.96 

485,712.96 

EXPENDITURES. 

For  sui'veys  and  examinations  of  waterways $210, 795. 13 

Forborings 96,034.22 

For  expenses  and  salaries  of  Board 42,117.73 

For  water- supply  investigation,  Oswego-Mohawk  route 41, 576. 29 

For  expenses  and  salaries,  drafting  and  compnting  department 31 ,  392. 13 

For  expenses  and  salaries,  secretary  s  office 26,692.12 

For  statistical  inquiry 8,998.39 

For  discharge  measurements  Niagara  River 8,872.48 

For  diamond-drill  borings 7,800.56 

For  St.  Lawrence  River  levels 8,782.59 

For  precise  levels,  Detroit  and  St.  Clair  rivers  .  1,824.92 

For  discharge  measurements,  St.  Lawrence  River 1 ,  459. 34 

Disbursed  by  Colonel  Raymond 98.96 

For   proceeds   sale   condemned   property  deposited   United    States 

Treasury _ 73.56 

Disbursed  by  Treasury  Department 2.65 

Balance  on  hand 4,241.90 

485,712.96 

BALANCE   ON   HAND— WHERE   DEPOSITED. 

The  balance  remaining  on  hand  is  deposited  as  follows: 

With  the  assistant  treasurer  United  States,  New  York $1 ,  359. 05 

With  the  Commercial  National  Bank,  Detroit 2, 882. 85 

4,241.90 

MISCELLANEOUS  RECEIPTS — WHENCE   DERIVED. 

Tlie  item  of  "Miscellaneous  receipts"  is  accounted  for  thus: 

January  o,  1900,  proceeds  sale  3  transits $300. 00 

August  26,  1899,  check  given  for  services,  returned  and  canceled. 250. 00 

October  14, 1899,  sale  of  condemned  property 78. 55 

October  1 6, 1899,  disallowances  traveling  expenses,  amount  refunded 82. 41 

April  1 9,  1899,  received  from  employee  to  repair  transit 20. 75 

January  29, 1900,  overpayment  refunded 12.50 

March  lU,  1898,  disallowances  traveling  expenses,  amount  refunded 10.25 

October  22,  1898,  disallowances  traveling  expenses,  amount  refunded 8. 50 

June  4,  1808,  disallowances  notary  fees,  amount  refunded 5. 00 


712.96 
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ANALYSIS  OF  EXPENDITURES. 

An  analysis  of  the  eomparafcive  cost  of  the  various  branches  of  the 
work  gives  the  following;:  results: 

The  Lasalle-Lewiston  route,  cost  of — 

For  borings.. $1,601.22 

For  purveys 4,598.92 

$6,200.14 

The  survevs  of  Niagara  River,  cost  of — 

For  borings 4,788.08 

Forsurveys 6,912.38 

11,650.46 

The  Tonawanda-Olcott  route,  cost  of — 

For  borings 4,981.43 

Forsurveys      12,450.38 

17,431.81 

The  surveys  of  the  Hudson  River,  cost  of— 

For  borings 7,272.40 

Forsurveys 11,984.70 

19,257.10 

The  Cbamplain  route,  northern  division,  cost  of— 

For  borings 8,581.60 

Forsurveys 21,835.56 

30,417.16 

The  Cbamplain  route,  Hudson  River  division,  cost  of — 

For  borings 7,171.25 

For  surveys 26,743.70 

33,914.95 

The  Oswego- Mohawk  route,  eastern  division,  cost  of — 

For  horings 30,057.29 

For  purveys 52,658.38 

82,715.67 

The  Odwego-Mohawk  route,  western  division,  cost  of — 

For  borings 23,812.08 

Forsurveys  .  61,505.90 

85,317.98 

Discharge  measurements,  St.  Lawrence  River 1, 459. 34 

Precise  levels,  Detroit  and  St.  Clair  rivers 1, 824. 92 

Precise  levels  of  the  St.  Lawrence  River,  cost  of,  for  all  purposes 3, 732. 59 

The  diamond  drill  borings,  cost  of,  for  all  purposes 7,800.56 

Water-supply  investigation. 41,576.29 

Surveys  of  the  St.  Lawrence  River . . 19,924.08 

Dii- charge  measurements.  Niagara  River    8,872.48 

Statistical  inquiry,  cost  of,  for  all  purposes 8,998.39 

Salaries  and  expenses  of  secretary's  office 26, 692. 12 

Salaries  and  exj)en8es  of  drafting  and  computing  department 31, 392. 13 

Salaries  and  expenses  of  board 42, 117.73 

Miscellaneous  expenditures 175.16 

Balance  on  band 4,241.90 

Total... 485,712.96 
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EXPENDITURES  BY   FISCAL  TEARS. 

Receipts: 

Total  receipts  from  all  sources  $485,712.06 

Disbursements: 

For  fiscal  year  ending  June  30 — 

1898  $118,774.14 

1899 301,478.46 

1900 61,043.30 

Miscellaneous  175.16 

Balance  on  hand.. 4,241.90 

485.712.96 

The  following  table  gives  the  total  square  and  linear  miles  surveyed 
and  average  cost  per  square  mile  for  the  different  divisions: 

Total  sfpiare  and  linear  milen  nurveyed  and  average  cost  per  mile  for  different 

divisions. 


Lake  Erie  to  Lake  Ontario. 


roTu,.       ">"*-■        """''■ 


Topography  in  sqaare  miles . 
Hydrography  in  t  ' ' 


_. „_. .    .    A  HQuare  miles 

Total  area  in  square  miles 

Total  wwt  of  surveys 

Average  cost  of  surveys  per  square 
mile 

Total  cost  of  borings 

Average  cost  of  borings  per  square 
mile 

Total  cost  of  surveys  and  borings, 
including  office  reduction  and 
estimate  of  cost  

Total  average  cost  per  square  mile 

Linear  miles  of  located  line  sur- 
veyed   

Linear  miles  of  alternate  line  sur- 
veyed   

Total  linear  miles  of  line  surveyed . 

Average  cost  per  lin3ar  mile  sur- 
veyed, including  borings 

Average  cost  of  surveys  per  mile. . 

Average  cost  of  borings  per  mile. . 


7.55 


7.55 
|i,596.9e 

fttW.IS 
$1,601.22 

$212.  OH 


|tt.2r)0.14 
$821.21 

8.8 


8.8 

$704.56 
$522.60 
$181.96 


Champlain  route. 


St.  Law- 
rence 
River. 


33.00 
88 
33.88 
$12,450.88 

$367.48 
$4,981.43 

$147.08 


$17,431.81 
^    $514.51 

26.0 


2.00 

20.25 

22.25 

$8,912.38 

$310.67 

$4,738.06 

$212.94 


$11,650.46 
^  $583.61 

16.0 


26.0 

$670.45 

$478.86 
$m.60 


16.0 


15.25 
13.75 
29.0 
$12,105.21 

$417.42 

r.  818. 87 

$269.61 


$19,924.06 
^    $887.08 

35.0 


36.0 

$589.25 
^.88 
$223.39 


Northern 
division. 


67.25 
3.25 
70.60 
$21,835.68 

$809.72 
$8,681.60 

$121.72 


$30,417.16 
$431.44 


3.7 


15.0 
68.7 


t2.75 
7.84 
24.91 


Hudson 

River 

division. 


57.60 
10.82 
68.32 
$26,743.70 

$391.45 
$7,171.25 

$104.97 


014.06 
42 


100.0 


100.0 

|33e.l5 
p67.44 
$71.71 


Oswego- Mohawk  route. 


Topography  in  square  milM 

Hydrography  in  square  miles 

Total  area  in  square  miles 

Total  cost  of  surveys 

Average  cost  of  surveys  per  square  mile 

Total  cost  of  borings  

Average  cost  of  borings  per  square  mile 

Total  cost  of  surveysand  Dorings,  includingoffice  reduc- 
tion and  estimate  of  cost 

Total  average  cost  per  sauare  mile 

Linear  miles  of  located  line  surveyed 

Linear  miles  of  alternate  line  surveyed 

Total  linear  miles  of  line  surveyed 

Average  cost  per  linear  mile  surveyed,  including  borings. 

Average  cost  of  surveys  per  mile 

Average  cost  of  borings  per  mile 


Western 
division. 

132.30 

15.80 

148.10 

$61,505.90 

$415.80 

$23,813.08 

$160.78 

$85,317.96 

$576.06 

90.7 

24.0 

114.7 

1743.83 

«».S3 

.60 


Eastern 
division. 


65.96 

9.30 

76.25 

$52,658.38 

$699  78 

$30,057.29 

$399.43 

$82,715.67 
1. 21 


Tidal  Hud- 
sou. 


2.15 

21.48 

28.61 

$11,084.70 

$507.61 

$7,272.40 

^.02 

$10,257.10 
$815.63 
4S.0 
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Further  analysis  of  expenditures  on  various  routes  for  borings  and 
topographical  surveys  shows  how  they  were  distributed  and  of  what 
items  the  aggregate  of  cost  is  made  up. 

Topographical  8urvey9~HX>8t  of. 

Tonawanda-Olcott  route: 

For  aalarieeand  ftnbfiistenc©  ..... ..  ,..--..,..... ,.  $11,054.56 

For  traveling  expetifti^H —..... 514.42 

For  iDstrnmeDta and  tools - 529.72 

ForofHce  expenw^s    279.88 

For  freight  nnd  express 21.81 

$12,450.38 

Lasalle-Lewiston  route: 

For  salaries  and  subelstence 4, 130.7^ 

For  traveling  ex  I  tec  ae.s -...«.-..-........ ... 66.00 

For  instruments  and  tools 265.82 

For  office  exii^tisefl 134.72 

For  freight  and  express 1.65 

4,598.92 

Oswego  ronte-*weatern  division: 

For  aalariea  and snb^istence 55,662.68 

For  traveling  ex t>enspci..     .-..-.....— 1,980.41 

For  inBtrumente  ami  tools 2,302.21 

For  ofti-'^  #'Tr»*^n"^*s 1,844.24 

For  freight  and  express 186.36 

61,475.90 

Oswego  route — ©Hfltjem  division: 

For  salaries  and  ft'aljeisitence.. 47,065.37 

For  traveling  expenses.              -.—......•..., .. 2,149.47 

For  instrutnenta  and  tools 1,814.82 

For  offioa  expenses     ...........--.....-.-,.-...-.  1,519.67 

For  freight  and  express 109.05 

52,658.88 

Champlain  ronte,  Hudson  River  division: 

For  84ilarxt^und  anbsiBtt^nc*?.. ...._. ...........  ........  24,242.25 

For  traveliDg  ex]:>eri»eB 1,108.89 

For  instruments  and  tool  a ....... -  675.85 

For  office  eip&nses          663.00 

For  freight  and  express - 53.71 

26,748.70 

Champlain  route,  northern  division: 

For  salaries  and  subsistence* 18,711.53 

For  traveling  €xp<?nses — .... 1,038.18 

For  inntrumenta and  tools  ............................  1,403.65 

For  office  expenses 628.71 

For  freight  and  express —......-.... 53.49 

21,835.56 

Surveys  of  Niagara  River: 

For  Balariesi  and  anlMistence. 5,024.42 

For  traveling- expenses 326.68 

For  instrumpnls  and  tools 1,435.60 

For  offl<e  expensert ... 111.75 

For  freight  and  express 13.93 

6,912.38 
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Surveys  of  Hndson  River: 

For  jqilarita  and  subiistence $10,061.42 

For  t  ravel  in  K  expeuaes 669.93 

For  instnimenta  and  tools 826.44 

For  ofRre  *^s:p4^n*^eH 365.87 

For  freight  and  express 61.04 

$11,984.70 

Surveys  of  the  St.  Lawrence: 

For  salaries  and  «ul>sistence 10,094.96 

For  traveling  a jpenses      753.81 

For  in strnmentfl  and  tools 812.41 

For  office expenaes 363.60 

For  freight  and  express 80.43 

12,105.21 

Total 210,795.13 

Borings,  cost  of. 
Tonawanda-Olcott  route: 

For  salaries  ind  subsistence 4,240.35 

For  traveling  expenses 56.46 

For  plant  (tools,  repairs,  etc.) 521.77 

For  explosives   139.90 

For  office  expenses 22.95 

4,981.43 

L;  sal  ie- Lewis  ton  route: 

lor  sti'arit^  and  subsistence 1,311.76 

For  traveling  expenses ---....... -.  67.46 

For  plant   ittc hiding  tools,  repairs,  etc.) v 127.28 

For  explosives 83.97 

For  freight  and  express .70 

For  office  expenses 10.05 

1,601.23 

Oswego  route,  western  division: 

For  salaries  and  subsistence 19,645.96 

For  traveling exi^nses        219.75 

For  plant  { including  UyoU.  repairs,  etc. ) 8, 035. 00 

For  exploeivea                  508.32 

For  freight  and  express 203.77 

For  office  expenses 199.28 

23,812.08 

Oswego  route,  eastern  division: 

For  f^alanefi  and  subsistence 26,470.80 

For  traveling  ex  iienses 687.62 

For  [ilaut    Uicluding  toulf^,  repairs,  etc.) 2,287.03 

For  explosives  182.20 

For  freight  and  express. .  131.56 

For  office  expenses 298.08 

30,057.29 

Cham  plain  route,  Hudson  River  division: 

For  salaries  and  subsistence 6,288.23 

For  traveling  expenses. 156.49 

For  plant 561.27 

For  explosives 40.74 

For  freij^ht  and  express 50.40 

For  office  expenses 74.12 

7.171.25 
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Champ]  ain  ronte,  northern  diyision: 

For  salaries  and  sabsistence $6,505.77 

For  traveling  expenses 107.65 

Forplant 1,685.93 

For  explosives 116.38 

For  freight  and  express 39.04 

For  office  expenses 126.83 

$8,581.60 

Surveys  of  Niag^a  River: 

For  salaries  and  subsistence 8,127.60 

For  traveling  expenses 134.61 

Forplant 1,434.83 

For  explosives 4.33 

For  freight  and  express - 33.71 

For  office  expenses „ 3.00 

4.738.08 

Surveys  of  Hudson  River: 

For  salaries  and  subsistence 5,652.57 

For  traveling  expenses 299.89 

Forplant 1,105.62 

For  explosives 105.98 

For  freight  and  express 68.63 

For  office  expenses 89.71 

7,272.40 

Surveys  of  St.  Lawrence: 

For  salaries  and  subsistence 6,103.12 

For  traveling  expenses 438.37 

Forplant 880.92 

For  explosives 319.38 

For  freight  and  express.. 72.54 

For  office  expenses 54.54 

7,818.87 

Total 96,034.22 

J.  II.  KiDD, 

Secretary, 
The  Board  of  Engineers  on  Deep  Waterways. 
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Accounts  828,329 

Acknowledgments,  special  (see  Employees) .- 128 

Act: 

Civil  service 1045 

Sundry  civil. _.   25 

Act  authorizing  board   25 

Adaptability  of  waterways  to  traflSc  conditions 126,272 

Additional  depth  on  waterways,  annual  increase  of  cost 236 

Adoption  of  tunnel  line,  Black  River  reservoir 939 

Advantages.     (See  Relative.) 
Advantages  of — 

Double  lockage 141 

Single  lockage 131 

Waterways  over  railways    268 

Air  chambers  in  lock  gates  152 

Air  friction,  water  surfaces 904 

Albany  (see  Niskayuna),  relation  of  meteorology  and  tides  at,  to  Hudson 
River  (plate  100). 

Alger,  Russell  A.,  Secretary  of  War 25,333 

Aligns  men  t: 

Champlain  route 103,438 

Hudson  River 567 

Lake  channels 89.92,953 

Lasalle-Lewiston  route - 92 

Oswego- Mohawk  route 94,454,472 

Alternative  routes: 

Champlain  route 383 

Oswego-Mohawk  route 462 

Summit  level  water  supply  (plate  141) 939 

Amendments  of  orders  for  guidance  of  Board 328 

America,  material  for  lock  gates  used  in ._   152 

American  turbine  discharge  curve,  36-inch  (plate  106), 

Amsterdam  Canal 224 

Analysis  of — 

Boards  expenditures 1047 

Cylindrical  bearing  blocks,  miter  posts 161 

Effect  of  vertical  stiffness,  lock  gates 174 

Pressures,  meeting  faces,  miter  posts 157 

Steel  1  ck-gate  deflections 175,194 

Anchorage  for  lock  gate 195 

Angell,J.B 34 
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Annaal—  Page. 

Increase  in  cost  of  additional  depth  of  waterways isn 

Rise  and  supply  to  Lake  Erie 287,280 

Traffic  of  deep  waterways,  probable 140 

Apparatus, boring  (fig.)  . 341 

Appendixes.     ( See  Contents. ) 

Applications  of  Bazin's  conclnsions 639,810,822 

Appointments: 

Board 25 

Disbursing  officer 328 

Secretary 26,1048 

Approaches,  Sault  Ste.  Marie,  Mich. ,  and  Ontario,  lock 955, 956 

Appropriations  for  board 26 

Approval  of— 

Accounts 328 

Contracts 332 

Approximate  law  of  variation  of  pressure,  miter-post  bearing  faces 156 

Aqueaucts.  Oswego- Mohawk  route 517 

Arch  and  girder  form  of  lock  gate,  merits  of 168 

Area  of— 

Black  River  submergence 869 

Cross  section,  Niagara  River  discharge  observations 311 

Great  Lakes 276 

Lake  Champlain 822 

Pondage,  summit  level  water  supply 794 

Precipitation,  Black  River  catchment 779 

Hudson  River  cat-chment 780 

Areas  and  maps,  summit  level  catchment 576 

Areas  of— 

Hydrography,  Oswego-Mohawk  route 512 

Tributary  streams,  summit  level .  578 

Army  regulations,  money  and  property  accountability  governed  by 333 

Arrangements  for  Cornell  weir  experiments  opiate  131 ) 669 

Articles  on  lock  gates 200 

Artificial  features,  Oswego-Mohawk  route 513,538 

Assistance  of  Canadian  government 128 

Assistant  engineers.     ( See  Reports. ) 

Assistant  engineers'  services  acknowledged 128 

Assumptions  of  special  problem,  relative  advantages  of  waterways 250 

Atlantic.     ( See  North. ) 

Atlantic  routes,  Lake  Ontario;  comparison  of  waterways 242 

Atmospheric  effects  causing  errors  in  leveling 998 

Authorities: 

Lock  gate 200 

Soundings  and  borings,  lake  channels 951 

B  line,  Tonawanda-Olcott  route 360 

Bach,  Prof.  C 194 

Back  flow  retarding  ship  movement 221 

Barlow,  Col.  J.N 430 

Bascule  lock  gate  . 151 

Base-line  and  stadia  measurements  compared,  Oswego-Mohawk  route .  ...  505 
Bazin — 

Method  of  computing  flow  over  weirs 606 

Series  compared  with  Francis's  formula 644 
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Bazin— Continaed.  Page. 

Valnesof  coefficient  m  for  sharp-crested  weirs 608,609 

Weir  discharge  (plate  128) 644 

Weir  experiments  (plate  128) 46, 381, 606, 607. 610, 689, 810, 822 

Discharge  cnrve  for  single  foot  of  crest  (plates  129, 130). 

General  r^um^  of 657 

Groups — 

No.  1 612,647 

No.  2 618,648 

No.  3 629,649 

No.  4 637,651 

No.  5 638,659 

Irregu  ar  cross  section 610,646,650 

Sharp  crested  weirs 650 

Weirs,  variations  of  discharge  over 644 

Beams  of  lock  gate.?,  stresses  and  deflections  (fig.) 180 

Beam  weirs 664,666 

Beardsley,  J.  W.    Report,  St.  Lawrence  division,  Champlain  ronte.    Appen- 
dix No.  11  398 

Bearing- 
Blocks  for  miter  posts 161 

Faces,  miter  and  quoin  posts 154, 156 

Pieces,  miter  posts,  160;  (fig.),  161;  163;  quoin  posts 163 

Surface,  miter  posts  (fig.), 157;  quoin  posts 154 

Beaver  Brook  run-off 586 

Beaver  Falls,  dam  (photograph)  854 

Beaver  River,  water-power  tables 846,855 

Behavior  of  large  steel  lock  gates 191 

Beique,  J.  F 1 -442 

Benchmark,  Buffalo : 1037 

Bench  marks: 

Description  and  elevation  of,  Appendix  No.  22 1015 

Buffalo  to  Olcott 1087 

Canadian  side  of  Niagara  River 1038 

Delaware  and  Hudson  Company's  Railroad 1023 

Detroit  River , ..     1039 

Hogansburg,  N.  Y.,  to  St.  Regis,  Canada _     1029 

ToSt.  Stanislas,  Canada 1028 

Hudson  River 1016,1017,1023 

Lake  Champlain 1023,1026 

To  Lake  St.  Francis 1027 

Lake  Er:e  to  Lake  Ontario 1037 

LakeOneida 1018 

Lake  St.  Clair 1039 

Lasalle  to  Lewiston 1039 

Mohawk  Valley 1018 

Niagara  Falls  to  Tonawanda 1038 

Oneida  River j 1018 

Oswego  River 1018 

St.  Clair  River 1039 

St.  Lawrence  River 1029 

Wood  Creek  Valley 1018 

Precise  levels- 
Detroit  and  St.  Clair  rivers 1011 

St.  Lawrence  River 995 
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Bench  marks— (^on tinned.  Page. 

Precise  levels — Continued. 

Initial  ones ..     1015 

Origin  for  levels,  Cbainplaln  ronte 429 

Bending  of  lock  gat«s 176, 18U 

Benefits  of— 

Deep  waterways 260 

Lake  Erie  rejfulation    295 

Benoit,  P.  P 430.443 

Bibliography,  lock  gates 200 

Biles,  Prof.  J.  H 132 

Black  and  Hudson  rivers,  run-offs  (plate  102) 777 

Black  and  Moose  Rivers, reservoirs 574 

Black  and  Salmon  rivers,  reservoirs,  probable  cost 912 

Black  River: 

Catchment  area  and  maps 576,577 

Catchment  area  precipitation 779 

Description 827 

Drainage  (plate  96). 

Discharge,  Huntingtonville  (plate  126). 

Elevations    ...    828 

Feeder- 
Characteristics 797,902 

Cross  sections  adopted 905 

Estimates 912,917 

Evaporation 908 

Materials  for 944 

Percolation 908 

Profile  (plate  140). 

Tributaries 584,585,856 

Water  supply 891.892 

Flood  flow 806 

Reservoir: 

Area  submerged  and  depth  on  catchment  area 869 

Effe/t  of  adoption  of  tunnel  line 939 

Estimates 912 

Land  and  proj>erty  damages 843,856,864 

State  of 869,870 

Reservoirs 573,864,868,870,895,969 

Ruu-off  (plates  101,  103.  104,  105) 776,834 

Submergence 869 

Tributaries  and  floods  on 805 

Water  \iO\ver 828,841,843,846,855 

Water  supply 597,598 

Blocks.     {See  Bearing) 

Blunt,  Lieutenant-Colonel 33 

Board  of  Engineers  on  Deep  Waterways  (see  Noble;  Raymond;  Wisner): 

Act  authorizing 25 

Appointment,  letter  of 25 

Appropriations 26 

Conclusions  of 128 

Contracts,  approval  of 332 

Duties 26 

Expenditures. .. 1046,1049 

Instructions  for  guidance  of 328 
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Board  of  Engineers  on  Deep  Waterways — Continued,  Page. 

Operations      ..    40 

Organization 26 

Salaries 1049 

Secretary's  report,  Appendix  No.  23 1043 

Special  investigations 47 

Bond.E.A 339 

Bond  of  disbursing  officer  of  board 1043 

Books,  precise  level  field _     1002 

Boring  apparatus  (fig.) - 341 

Borings  (see  Diamond): 

Carbon  losses _ _ 987 

Chaniplain  route.- 970,984,986 

Cost 988,990,1050 

HudsonRiver 371,566 

Instructions  for  making 337 

Lake  channels.- 951 

Lake  Oneida 488,489 

Lasalle-Lewiston  route. .  980,986 

Method  of  making 975 

Niagara  route 341 

Oswego-Mohawk  route 507,981,986 

Outfit - 974 

Report  on  Diamond-drill,  R.  G.  Smith,  Appendix  No.  19 974 

Tonawanda-Olcott  route 356,976,985 

Bottom  widths  of  canal  prisms 546 

Brace,  James 128 

Breakwaters,  Oswego  and  Olcott,  N.  Y 46, 208 

Character 209,215 

Computation  diagrams  for 216 

Construction 212, 215 

Cross  section  _ 212, 215 

Cost 216 

Fog  signal  and  light-house . . 214 

Material  .:.. 214 

Method  of  construction _ 212 

Plan  (figs.  216)  .. 208,215 

Report,  Lieut.  Col.  C.  W.  Raymond,  Corps  of  Engineers,  Appendix 

No.  3 208 

Substructure 213 

Superstructure 213 

Bridge.     (See  International;  Foot.) 

Bridges 46 

Champlain  route .  385,386,387,439 

Hudson  River 568 

Lasalle-Lewiston  route .      351 

Mohawk  River  . 517 

Oswego-Mohawk  route 66, 454, 471, 548 

Oswego  route  proper. . 517 

Tonawanda-Olcott  route 364 

Briet  history  of  field  work _ ... 41-43 

Brownville  Paper  Company's  mill  (photograph) 854 

Buffalo  bench  mark 1037 

Buffalo  gauge  record 286 

H.  Doc.  140 07 
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Buffalo  harbor .  36 

Buffalo  to— 

Duluth,  21-foot  channel 89 

New  York,  distances 244 

New  York,  comparison  of  rontea 245 

Olcott,  bench  marks 1037 

Bnilding  of  ships,  effect  of  deep  waterways  on 127 

Buoyancy  of  lock  gates,  provisions  for 153 

Calculated  delay  at  locks 134 

Canada  Creek  run-off  (plates  119-121; 586 

Canadian— 

Canals 28.35.129 

Deep  Waterways  Commission 428 

Engineers  rendering  assistance  to  Board 128 

Gauges  in  St  Lawrence  River 400 

Government  assistance  to  Board 128 

Side  of  Niagara  River  benchmarks .     1038 

System  of  canals 28,35 

Canal  (see  Amsterdam;  Champlain;  Erie;  Kiel;  Low  level;  Manchester; 
Niagara  Ship;  New  York;  St  Clair  Flats;  St  Marys  Falls;  Suez;  Wel- 
land): 

Chateaugay  River,  across 434 

Estimates  of  Major  Symons 34 

Lake  Erie  regulating  works 294 

Oswego    32 

Oswego-Mohawk  route 66.543 

Prisms- 
Deep  waterways  (figs.)  43 

Oswego-Mohawk  route 546,549 

Routes  surveyed,  comparison  of 116,241 

St.  Lawrence  River  system 35 

Water  supply  for  low-level  ship 824 

Cana:s: 

Canadian  system 28,35.129 

New  Y'ork  summit  level,  water  supply  of ^     572 

New  York  system  of 28 

Oswego  route  projier  .. _ 66,513 

Ship,  some  proix)sed 33 

Capacity  ( see  In wkage ) ,  traffic ,  of  deep  waterways    1 26, 272 

Capacity  of — 

Locks  in  combinations 138,139 

Lock  system  for  ship  x^assage 134 

Cape  Vincent  to  Hogansburg,  precise  levels 397 

Carbon  losses,  diamond-drill  borings   987 

Carriers,  type _ 252 

Carthage,  N.  Y^..  dam  (photograph) 854 

Catchment  area.     (.SVeArea;  Areas.) 

Causes  of  speed  reduction  in  waterways 219 

Cayadutta  Creek,  discharge  curve  and  dam  section  f  plate  123). 

Center  of  pressure,  niiter-post  faces 156 

Central  New  York: 

Gauging  of  streams 586 

Probability  of  floods 814 

Chain  suspension  for  Lake  Erie  regulating  works 298 
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Pa«re. 

Champlain.     (See  St.  Lawrence-Champlain;  Lake.) 

Champlain,  N.  Y. : 

Locks,  52-foot  lift  (plate  68. ) 

Quartzite  outcrop  (photograph) 438 

Champlain  Canal 32 

Champlain  route  (plates  34-59, 64-68) 368 

Alignment 103,438 

Alternative  plan 383 

Borings  (fig.  970) 984,986 

Bridges 385,386,387,489 

Channels _... 385,438 

Crossings 387,436 

Dams 382 

Elevations 397 

Estimates 388,439 

Excavation 437 

Grades 373 

Hudson  River  division,  report,  C.  L.  Harrison,  Appendix  No.  10  (plates 

49-55) 77,338 

Ice  season 245 

Levels 393 

Lines,  conditions  governing  location 428 

Locks 383,384,432,439 

Mapping 370 

Material  to  be  excavated 437,967,969,971 

Northern  division,  report,  F.  P.  Davis,  Appendix  No.  12  (plates  44-48) .  74, 425 

Origin  for  levels 429 

Party  organization 368 

Plan ,  alternative 383 

Profile  (plates  64, 65, 66, 67) 438 

Right  of  way .     388 

Rock     437 

St.  Lawrence  division,  report,  J.  W.  Beardsley,  Appendix  No.  11  (plates 

34-43) * .  70,398 

Sand . 438 

Siphons „ 436 

Sluices,  discharge 436 

Surveys ..  42,427 

Time 244 

Twenty-one  foot  channel . . 103 

Water,  ground 438 

Weirs , 432 

Champlain  routes,  Oswego-Mohawk  and;  comparison  of  waterways 244 

Changes  in  highways,  locks,  and  railroads,  Oswego-Mohawk  route 466 

Channel  estimates,  Lake  Erie  to  Lake  Huron;  Lake  Huron  to  Lake  Su- 
perior     953,954,956 

Channels.  (.See  Champlain  route;  Hay  Lake;  Hudson  River  division;  Lake; 
Lake  Erie;  Lake  Huron;  Lake  St.  Clair;  Minetto;  St.  Lawrence  division; 
St.  Marys  River:  Thirty-foot;  Twenty-one  foot;  Tidal  Hudson.) 

Channel  slopes,  limit  of  speed  to  avoid  injury  to    223 

Characteristics.     ( *9ce  Physical. ) 

New  York  summit  level  feeder 797, 902 

Schenectady-Normans  Kill  line 539 

Transportation  lines .  120, 266 
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Chara<:ter  of—  Pago. 

Breakwaters,  01  cott  ami  Oswego 209,215 

Deep  waterways  freight . 253 

Character  of  materials,  deep  waterways  rentes;  report,  Appendix  No.  18. . .      95? 

Champlain  route 967,909,971 

Hudson  River 973 

Lasalle-Lewiston  route 958 

Oswego-Mohawk  route 962, 904 

Tonawanda-Olcott  route 900 

Chateaugay  River,  canal  across 434 

Chazy  River 433 

Chemung  River  flood  flow  . 809 

Chevali€»r,  M  .   175 

Chicago— 

Harbor 37 

To  Buffalo,  21-foot  channel 93 

To  tide  water,  summary  of  cost  by  divisions 114 

Chittenango  Creek,  discharge  curve  and  dam  section  (plate  109), 

Civil-service  act 1045 

Classification  of— 

Channel,  St.  Lawrence  division 424 

Nappes 658 

Clay  excavation 958 

Closure  errors,  precise  leveling 1002, 1011 

Closures  for  all  accepted  work,  precise  leveling 1006 

Coal  traffic,  future 119,265 

Coast  and  Geological  Surveys 128 

Coefficients; 

C,  value  of,  Cornell  experiments  (plate  138). 

Curves.  Cornell  experiments 678 

For  computing  discharge  measurements,  mean  velocity 313, 315 

For  reduction  of  current  meter  observations 312 

Hydraulic  formula  for  flow  of  water  over  dams 42,46 

M.Bazins 1 608f609,639 

Collingwood,  Francis 809 

Colson,  M 120,121,266,267 

Combinations,  capacity  of  locks  in 138, 139 

Commerce: 

Draft  best  adaptetl  for  lake 237 

Foreign  and  domestic 239,263 

Lake  Superior .   38 

Commission.     (See  Deep  Waterways;    Mississippi:  Canadian  Deep  Water- 
ways. ) 

Common.  R 1045 

Comparative- 
Cost  of  lines  passing  Peter  Scott'sswamp. 465 

Cost  of  random  stone  and  crib  breakwaters 211 

Data,  relative  advantages 254 

Run-offs.  Black  and  Hudson  rivers  (plate  102) 777 

Comparison  of— 

Advantages  of  21 -foot  and  30- foot  channels  by  most  favorable  route  ...      271 

Formulas,  weir  discharge  (plate  127)   606 

Meter  ratings 305 

Routes 87,116,260 

Buffalo  to  New  York    245 
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Comparison  of — Continued.  Page. 

Stages  of  Lake  Ontario  with  St.  Lawrence  stages 400 

Stadia  and  base-line  work,  Oswego-Mohawk  route 505 

Waterways  {see  Relative  advantages)— 

Lake  Ontario- Atlantic  routes 242 

Niagara  ship  canal  routes 241 

Oswego-Mohawk  and  Champlain  routes 244 

Oswego  route  proper 529 

Report  G.  Y.  Wisner,  Appendix  No.  5,  parti 235 

Compression  of  Poe  lock  miter  post,  measurements  of 159 

Computation: 

Diagrams  for  breakwaters  (figs.)  _ 216 

Flow  over  dams 643 

For  discharge  of  Niagara  River 316 

Computing: 

Cost  of 1046 

Discharge  measurements,  coefficients  for 315 

Flow  over  weirs.     {See  Bazin) 

Conclusions: 

Board's. ..  128 

Study  of  Lake  Erie  regulation 297 

Study  of  relative  advantages  of  routes 273 

Conditions: 

Adaptability  of  waterways  to  traffic 126,272 

Governing  canil  location— 

Champlain  route 428 

Oswego  route  proper 526 

Schuectady-Normans  Kill  line 543 

Of  comparison  of  waterways,  Oswego  route  proper 529 

Original ,  and  improvements  of  lakes  and  related  waterways 27 

Connecting  channels  of  the  lakes.  Lake  Erie  regulation  and 279 

Considerations — 

Relating  to  lines  of  transportation 247 

That  decide  the  form  of  lock-gate  frames 165 

Constant  of  return,  deep  waterways 257 

Constants  of — 

The  waterway 255 

Traffic  volume .  255 

Transport. 256 

Construction  (see  Estimates;  Relative  advantages): 

Breakwater.. 212,215 

Lock  floor,  method  of 144 

Materials,  Lasalle-Lewiston  route 54 

Contact  of — 

Bearing  piece,  miter  post  (tig.) 161 

Lock-gate  sill 196 

Continuous  curve  of  flow  designed  by  Prof.  Williams  (plate  137) 072 

Contract,  probable  cost  of  diamond-drill  borings  by 990 

Contracts,  approval  of,  by  Board ... 332 

Control  of— 

Lake  Erie _ 47 

Mohawk  Valley  floods 816 

Cooley,  L.  E 34,276 

Cornell  weir  experiments 46, 688 

Arrangements  for  (plate  131) 669 

Coefficient  curves 678 


1062  INDEX. 

Cornell  weir  experiments— Continned.  page. 

Correction  of  observations _ 677 

Curves  of  flow  (plates  134, 137). 

Discharge  curves  of  1  foot  of  crest  (plate  135). 

(tauge  readings  (plates  132, 133). 

Piezometric  observations 672, 676 

Reduction 673 

Reduction  curves  (plate  136). 

Tabulated  results 678 

Value  of  coeflScient  C  (plate  138). 
Correction: 

Cornell  experiments 677 

Level  tube,  precise  leveling;  inclination  of 1013 

Rod  readings,  precise  leveling 1014 

Cost  (see  Estimates) : 

Additional  depth  of  waterways,  annual  increase  in 236 

Borings . 1050 

Deep  lake  channels  with  or  without  lake  regulation 2M 

Deep  waterways . 125, 271 

Surveys  by  divisions i 1048 

Diamond-drill  borings __        988 

By  contract 990 

Drafting  and  computing 1046 

Erie  Canal 32 

Maintenance  and  operation 126,271 

Precise  leveling 1007 

Statistical  inquiry 1046 

Transport  proper 126,272 

Counterweights  and  sluice  gates,  Lake  Erie  regulation  (plate  86). 

Country  between  St.  Lawrence  River  and  Lake  Champlain 426 

Courses.     ( See  Water. ) 

Cramp,  E.  S 128 

Creeks,  flood  flows  of  some  New  York 789,790,795,803 

Crest,  Bazin's  discharge  curve  for  single  foot  of  (plates  129,  130). 

Crest  heads,  discharge  curve 644 

Crests,  weirs  with  wide ....-- 610 

Crib  and  random-stone  breakwaters,  comparative  cost  of 211 

Crib  breakwaters  210 

Crookes,  Sir  William    264 

Crossings: 

Champlain  route 387, 436 

Lasalle-Lewiston  route 351 

Oswego- Mohawk  route 243 

Schenectady-Normans  Kill  line 539 

Tonawanda-Olcott  route .     . .  363 

Cross  section: 
Adopted- 
Black  River  feeder 905 

St.  Clair  Flats  Canal     _ 239 

St.  Clair  River 37,280 

Standard 44,317 

Irregular— 

Baziifs  weir  experiments 646, 650 

Niagara  River,  International  Bridge  (plate  88). 

TidalHudson 568 
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Cross  section— Continued.  Page. 
Of  breakwaters — 

Olcott 215 

Oswego 212 

Of  Niagara  River  discbarge  observations,  area  of 311 

Croton  River  flood  flow _.  808 

Crown  Point  Light-house  to  Troy,  levels  from _ 394 

Culvert  construction,  Manchester  Canal 145 

Culverts: 

Dimensions 145 

Inlets  and  outlets  of 145 

Lining  of. 145 

Lock 144 

Valves  or  gates  for 146 

Current  meter: 

Method  of  rating 304 

Observations 310 

Coefficientfor  reduction  of 312 

Rating.. 302 

Rating  equation  _ 303 

Recording  device  and.. 301 

Current  observations: 

Outfitfor 301 

Reel  for 301 

Current  velocities,  Niagara  River,  vertical  curves  of  (fig. ) 312 

Curve:  (5ee  Discharge). 

Discharge,  of  1  foot  of  crest  (plate  135), 

Speed  of  ships  in  restricted  waterways  (fig.) 231 

Curve  of  flow.  Professor  Williams's  continuous  (plate  137) 672 

Curves: 

Coefficient,  weir  experiments 678 

Current  velocities,  Niagara  River  (fig. ) 312 

Discharge;  special  water-supply  investigation 689, 644 

Lake  Ontario  water  levels  (plate  81). 
Lock-gate  deflections  (plate  80). 
Niagara  River  discharge  (plates  81, 89)— 

Transverse 311 

Vertical 311 

Of  fall,  Niagara  River  (plate  89) 315,316 

Parabolic,  lock  gates 199 

Prism  on 43, 44 

Reduction,  weir  experiments  (plate  136). 

Speed  of  ships  reduced  by 232 

Transverse,  meter  observations  for .  309 

Vertical,  meter  observations  for 309 

Water  flow  over  weirs  (plate  134). 

Water  levels,  Lake  Erie,  Lake  Huron,  Lake  St.  Clair  (plate  83). 

Weights  of  lock  gates  (plate  79). 

Cylindrical  bearing  blocks  for  miter  post  (figs. ) 161 

Dam.     {See  Troy. ) 

Dam,  Lake  Champlain  regulation 326,327 

Damages,  Black  River  reserv^oir... 843,856,864 

Dams  (se(>  Photographs;  Weirs): 

Computations  for  flow  over 42, 46, 606, 643 

Flow  over 42 
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Page. 
Dauis— Continued. 

Hudson  River 43,377,569 

Obwego-Mohawk  route. .._ .  42,66,513,514.540 

Schenectady-Normans Kill  line -.. 538 

Schenectady-Cedar  Kill  line 538 

Dams  and  sluices. 45 

Dam  section.     {See  list  of  plates  in  Contents.) 
Data: 

Genesee  and  Hudson  rivers  run-off 5S5 

New  York  streams,  run-off 579 

Data  for  comparison,  relative  advantages .,  254 

Davis.  F.  P.,  assistant  engineer.     Report,  northern  division,  Champlain 

rout«,  Appendix  No.  12  .   425 

Dei-reasing  discharge,  effect  of  weir  submergence  in 810, 811 

Deep  waterways.     {See  Comparison  of;  Divisions;  Estimates;  Locks;  Rela- 
tive advantages:  Restricted;  Routes;  Speed  of  ships;  Waterways.) 
Deep  waterways  board.     (See  Board. ) 

Deep  Waterways  Commission _ 34, 401, 428, 430 

Canadian _ 428 

Recommendations  of  United  States 26 

Deep  waterways  routes,  character  of  material  to  Ve  excavated.  Appendix 

No.  18 ..    957 

Deep  waterway  survey.  Niagara  ship  canal ...     52 

Deep  waterway  tributaries.  New  York,  gauging  of 586 

Deflections: 

Beam  (fig.) 180 

Lock  gate  (plate  SO) 176 

Measurement  of  Poe  lock  gate  (fig. ) 192 

Steellockgate 194 

Steel  Poe  lock  gate 175 

Degree  of  precision,  precise  leveling _ 1014 

Delay  at  locks,  calculated 134 

Delays,  St.  Marys  Falls  Canal 141 

Delays  to  lockage 140 

Deposit  of  waste  material,  tidal  Hudson 569 

DejK)sitaries  of  Board  funds 1044 

Depth,  St.  Clair  River 37,280 

Depth  and  width  of  channels,  Lake  Erie  to  Lake  Huron,  and  St.  Marys 

River 953 

Depth  of — 

Waterway  preferred  128 

Waterways,  annual  increase  of  cost 236 

Depth  on  catchment  area.  Black  River  reservoir . 869 

Description  of — 

Benchmarks. --...  1015 

Black  River  . 827 

Gauging  stations.  New  York  ... 591 

Locks .._ ..  143 

Design  of— 

Horizontal  frames  of  lock  gates 166 

Lock  quoin  posts ..  154 

Miter  posts    ..     155 

Structures,  Lake  Erie  regulation     293 

Turning  j)ost  pin 994 
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Deteiinination  of  coefficients,  hydraulic  formula  for  flow  over  dams  ...  42, 46, 606 

Determining- 
Pay  for  leveling,  Lellemand's  method  of 1008 

Resistance  to  ship  s  motion,  Weisbach's  formula 232 

Detroit  Bridge  and  Iron  Works 128 

Detroit  office  of  the  board 40 

Detroit  River 36 

Benchmarks 1039 

Channel 84 

Discharge 277 

Elevations 952 

Estimates 953 

Fall - 280 

Gauges 284 

Improvement  estimates 953 

St.  Clair  River  and  Lake  (plates  6-13). 

Slopes - 42 

Water  surface  (plates  82-83) 280 

Detroit  River  and  St.  Clair  River,  precise  leveling: 

Benchmarks 1011 

Computation,  field 1011 

Discrepancies,  plot  of 1011 

Instrument  factors 1014 

Level  tube  correction 1013 

Methods  of  work 1010 

Precision,  degree  of 1014 

Progress,  rate  of 1012 

Readings,  rod .  1014 

Rods,  leveling .  1013 

Reductions,  office 1012 

Report  on,  O.  W.  Ferguson,  Appendix  No.  21 1009 

Tabulation,  field 1011 

Telescope  rings 1013 

Wire  intervals 1013 

Development  of — 

Lake  traffic 118,120,263,265 

Ocean  ships  of  North  Atlantic  route 132 

Device,  current  meter  and  recording 301 

Diagrams: 

Breakwater  computations  (figs.) 216 

Deflection  of  lock  gates  (plate  80) 174,176 

Eccentricity  at  miter  posts  (plate  78). 

Gauge  readings,  wier  experiments  (plates  132, 133). 

Girder  weight  of  lock  gates,  60-foot  and  70-foot  locks  (plate  77). 

Pressure  on  lock  gates 169 

Relation  of  Hudson  River  to  meteorology  and  tides  at  Albany  (plate  100) . 

Stresses  in  girders  .     . 171 

Tonnage  passing  Sault  Ste.  Marie,  Mich 39 

Diamond-drill  borings: 

Carbon  losses 987 

Champlain  route  (fig.) 970,984,986 

Contract,  probable  cost  by 990 

Cost  of             988 

Lasalle-Lewiston  route  (figs.).._ 959,980,986 
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Diamond-drill  borings— Continaed.  Page. 

Methods 958,973,075 

Oswego-Mohawk  route  (figs.) 963,981,986 

Outfit   .  974 

Report  on,  R.  C.  Smith,  Appendix  No.  19 974 

Tonawanda-Olcott  route  (figs.) 961,976,9a5 

Different  stages  of  Lake  Erie  and  slope  of  Niagara  River 290 

Dimensions: 

Canal  for  minimum  transportation  rate 239 

Culverts 145 

Locks  adopted i:}0,13.'i 

Locks,  duplicate 141 

Prism .     43 

Structures 44 

Waterway,  and  spee<l  of  ships 217 

Direction  of — 

Flow  of  a  river,  meter  observations  for  the  mean 310 

The  normal  to  the  line  of  discharge  section,  meter  observations  for  the.      310 

Direct  relative  advantages,  deep  waterways  routes 247 

Disadvantages  of  large  locks 133 

Disbursing  officer: 

Appointment  of 328 

Dutiesof   -_ 330 

Instructions  of  the  Treasury  and  War  Departments  to 333 

Discharge  {>iee  Weir  experiments): 

Effect  of  weir  submergence  on 810, 811 

Meter  observations  for 306 

Method  of  computing. _ 645 

Discharge  curve: 

One  foot  of  weir  crest  (plates  129, 130,  i;)5). 

Richelieu  River  (fig.) .    322 

Turbine,  36-inch  new  American  (plate  106). 

Discharge  curve  and  dam  sections.     (See  Plates  in  Contents. ) 

Discharge  curves: 

Niagara  River  (plates  81, 89) 321 

Special  water-supply  investigation 639,644 

Discharge  formulas,  Niagara  River 284 

Discharge  measurements: 

Coefficients  for  computing 315 

Mohawk  River  and  other  streams .      390 

Reductionsof 317 

Discharge  observations,  Niagara  River: 

Coefficients 313 

Cross  section 311 

Curves 311 

Liinitsof 320 

Discharge  of — 

Hudson  River 880,383 

Lake  Champlain 326 

Lake  Erio 286,289.290 

Mohawk  and  other  streams 290 

Niagara  River,  report  C.  B.  Stuart  (Appendix  No.  7) 42, 298 

Niagara  River  and  Lake  Ontario  levels,  curves  of  (plate  81). 

Richelieu  River 322 

St.  Clair  River 274,277 
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Discharge  of— Continned.  Page. 

St.  Lawrence  River 42 

Weir,  comparison  of  formulas  (plate  127) 606 

Discharge  over  Bazin's  weirs,  variations  of 644 

Discharge  per  linear  foot  of  weir  crest,  Bazin 644 

Discharge  section,  Niagara  River _  299 

Discharge  sluices,  Champlain  route 436 

Discussion  of  Black  River  feeder 881 

Distances: 

Buffalo  to  New  York 244 

Champlain  route 103 

Chicago  to  Buffalo 92 

Duluth  to  Buffalo 89 

Lasalle-LewLston  route 92 

Oswego-Mohawk  route 94 

Distribution  of  Lakes'  flow  through  waterway  system 276 

Divisions  {see  Routes:  Eastern,  Hudson  River,  Northern,  St.  Lawrence, 
Western) : 

Cost  of  waterways  by _ .  113 

Miles  surveyed  by 1048 

Dodge's  quarry  quartzite  outcrop,  photograph    438 

Dolgeville,  discharge  curve  and  dam  section  (plate  121). 

Domestic  commerce    263 

Dose,  H.  F. ,  report.  Tidal  Hudson  (Appendix  No.  15) 562 

Double-leaf  mitering  lock  gate . 150 

Double  locks,  advantages  of 141 

Draft  best  adapted  to  lake  commerce 237 

Drainage: 

Black  River  (plate  96). 
Hudson  River  (plate  94). 
Mohawk  River  (plate  95). 
New  York  (plate  99). 
Oneida  Lake  (plate  97). 

Drainage  to  prevent  landslides.. 63 

Draft  and  length  of  ships,  ratio  between - 132 

Drafting  and  computing,  cost  of . .  1046 

Drill  borings.     (6Ve  Borings;  Diamond-drilL ) 

Drowned  weirs 667 

Duluth  Harbor 39 

Buffalo  to,  21-foot  channel 89 

Tidewater  to,  summary  of  cost  by  divisions 113 

Duncan  Company .  339 

Duplicate  locks,  dimensions  of 141 

Duties  of — 

Board 26 

Disbursing  officer _ .  _ 330 

Early  water  power.  Black  River 828 

East— 

Bound  freight,  St.  Marys  Falls  Canal 134 

Branch,  Fish  Creek;  discharge  curve  and  dam  section  (plate  112). 
Canada  Creek;  discharge  curve  and  dam  section,  Dolgeville  (plate  121). 

Eastern  division,  Oswego-Mohawk  route  (plates  25-33) 63 

Adopted  channels 545, 548 

Borings 507,510 

Conclusions 561 
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Eastern  division,  Oswego-Mohawk  route— Continned.  Pa^. 

Estimates 550, 556 

Material .      964 

Methods  of  work ! 500 

Niskayuna- Albany  route 534, 535 

Office  work . 510,511 

Oswego  route  proper 511 

Party  organization 500 

Profile  (plate  63). 

Report,  D.  J.  Howell  (Appendix  No.  14) 500 

Schenectady  routes 536. 537 

Soundings 507 

Surveys 511 

Transit  and  level  and  stadia  work 500. 502, 503. 505 

Eastern  New  York,  gauging  of  streams  in... 586 

Elastsideof  Hudson  River,  benchmarks 1016.1017 

Eccentricity  at  miter  posts,  diagram  showing  effect  of  (plate  78). 

Economical  shape  of  horizontal  frame  for  lock  gates,  investigation 167 

Economic  statistics: 

City  of  Watertown 839 

Watertown  and  Lockport,  comparison  of 840 

Economy  of  ships,  length  and  draft  related  to 132 

Eddy  Valve  Company 948 

Effect  of— 

Adoption  of  tunnel  line,  Black  River  reservoir 939 

Ice  jams,  St.  Lawrence  division 404 

Effect  of  Lake  Erie  regulation  on- 
Connecting  channels  of  the  lakes 48, 279 

Lake  Ontario... 49,277 

Niagara  River 49.277 

St.  Lawrence  River 49,277 

Effect  of— 

Temperature  on  miter  contact  of  lock  gates 158 

Vertical  stiffness  of  lock  gates 174 

Weir  submergence  in  increasing  or  decreasing  discharge  . .     810, 811 

Wind,  Lake  Erie ...      292 

Effects.     (See  Atmospheric. ) 

Efficiency  of  water  wheels    863 

Eighty-foot  lock: 

Horizontal  frames  for  gates 167 

Lower  gate  for,  section  of  (fig. ) 186 

Oriskany- 

Lower  gate  for  (plate  73). 
Upper  gate  for  (plate  72). 

Elasticity  modulus,  miter  posts,  Poe  lock 193 

Elasticity  of  wood,  Poe  look  gates. 193 

Electrical  operating  machinery  for  locks 146 

Elevation  and  description  of  bench  marks.  Appendix  No.  22 1015 

Elevation  of  miter  sill,  St.  Johns 429 

Elevation  of  water  surface,  Black  River  Reservoir 869 

Elevations  {srr  Notable): 

Black  River 828 

Detroit  River 952 

Lake  Charaplain,  monthly  mean 323 

Lake  channels 280-282 
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LakeErie 284.2M5,952 

Lake  Erie  to  Lake  Huron 952 

Lake  Ontario :?77, 278 

Lake  St.  Clair 952 

Liike  St.  Francis 404 

Lake  Superior.. 952 

New  York  streams,  various 798 

St.  Clair  River 952 

St.  Lawrenc  e  River 403-404 

St.  Marys  River 952 

Emerson,  E.  C 945 

Emiiloyees: 

Expenses  of ...   331 

Selectionof 1045 

Services  acknowledged- 
Appendix  No.  2 191.207 

No.7 821 

No.  10 339.391 

No.  11 425 

No.  12 442 

No.  13 487,490 

No.  14 562 

No.  15 571* 

No.  16 : 650 

No.  20 992 

Emptying  locks 144 

Time  required 146 

End  resistance  and  ship  speed 222 

Engineer  Department,  United  States  Army 128 

Engineering  societies'  transactions  referring  to  lock  gates 204 

Engineers  (xc'e  Indian:  Reports). 

Assistant,  of  the  board _ 128 

Canadian,  rendering  assistance  to  the  board 128 

England,  material  used  for  lock  gates  in 152 

EnglishRiver 433 

E<ination  of  current  meters,  rating 303 

Equilibrium  polygon,  lock  gates 170 

Erie.     (SVcLake.) 

Erie  Canal )1 

Cost 32 

Freight  carried ._   34 

Errors  in  precise  leveling: 

Atmospheric  effects  a  source  of 998 

Sources  uf . .   _ 995 

Errors  of  closure,  precise  leveling 1002, 101 1 

Essentials,  minimum  freight  rates 238 

Estimated — 

Domestic  coirmierce - .  -      263 

Foreign  commerce  . . 239, 263 

Value  of  water  power  per  horsepower ^>64 

Estimates: 

Alternative  tunnel  line,  summit  level  -  jp  -   - ^^^ 

Black  River  feeder 912,917 


1070  INDEX. 

Estimates— Continued. 

Black  River  reservoirs 912 

Breakwaters  .     125,216 

Canal,  of  Major  Symons 34 

Chicago  to  tide  water 114 

Champlain  route...     384.407,416,439 

Channel  between  Lake  Erie  and  Niagara  River 295 

Channels  between  Minetto  and  Lake  Ontario 463 

Detroit  River 953 

Eastern  division,  Oswego-Mohawk  route 550, 561 

Hudson  River  division 80,372,384 

Intermediate  channels  of  the  lakes 86 

Kirby '8  type  vessels 123,132,218,263 

Lake  channels . .   953 

LakeHuron. 953 

LakeSt.  Clair 953 

Lake  Michigan  to  Lake  Erie  channels... 86,296 

Lakes  Michigan  and  Superior  to  tide  water 113, 296 

Lasalle-Lewiston  route 55,352 

Lines  passing  Peter  Scotts  swamp 465 

Locks 147,148 

Lewiston  flight 147 

Lock  gates 147,197 

Low-level  plan,  Oswego-Mohawk  route 474 

Maintenau'  e  and  operation 126, 271 

New  Yorksummit  level  water  supply 818,946 

Niagara  route 352,365 

Northern  division,  St.  Lawrence- Champlain  route 76, 439 

Oswego  breakwaters 214 

Oswego-Mohawk  route 68,446,455,463,472,550,561 

Prices  used,  summit  level  water  supply 946 

Regulation  of  Lake  Champlain 77 

Regulation  of  Lake  Erie 294 

St.  Clair  River 953 

St.  Lawrence  division 73, 405, 407, 420 

St.  Marys  Falls  canal  lock 1)55 

St.  Marys  River 953 

Salmon  River  reservoir  .  915 

Summary,  Duluth  to  tide  water ....       113 

Summit  level  water  supply 818, 946 

Thirty-foot  channel 112.954,955,956 

Tidal  Hudson 82,570 

Tonawanda-Olcott  routi'  58,.*J65 

Twenty-one-foot  channel 112,296,953,954 

Weight  of  lock  gates 197 

Western  division .  Osweg<  >-Mohawk  route 446, 455, 463, 472 

Evaporation: 

(Tieat  Lake.s 275 

Lake  Champlain. 326 

LakeHuron 274 

Lake  Michigan 274 

Marsh  area  . . 813 

Oswei^'o  River  basin    812 

Rochester  waterworks  water  surface' 480, 686, 598 
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Evaporation  and  percolation  losses,  Black  River  feeder  line 908 

Europe,  material  used  for  lock  gates 152 

Exaini nations.     {See  Surveys. ) 

Examination  of  laws  of  intensity  of  pressure  of  faces  of  miter  posts 156, 163 

Exa  nfi  pie  of  field  notes 1003 

Excavation  (j)e6  Appendix  No.  18)  958 

Champlain route 437 

Hudson  River 973 

Hudson  River  division 79,971 

Lasalle-Lewiston  route _ 53,343,958 

Northern  division  of  Champlain  route 75,437,969 

OswegoMohawk^route 64,962,964 

St.  Lawrence  division 73,967 

Schenectady-Normans  Killline 589 

Thirty  foot  channel 112 

Tidal  Hudson 569,973 

Tonawanda-Olcott  route  -   57,960 

Twenty-one  foot  channel  ..^ 112 

Existing  bridges: 

Champlain  route 385,386,387,439 

Mohawk  River 517 

Existing  crossings: 

Champlain  route 387 

Lasalle-Lewiston  route 351 

Tonawanda-Olcott  route 363 

Expenditures: 

Analysis  of  Board's 1047 

Board's. 1046 

Expenses  of  the  Board  and  its  employees 329,  331 ,  1049 

Faces.     (*Se6  Meeting.) 

Faces  of  miter  post,  examination  of  laws  of  intensity  of  timber  bearing. . ,  156,163 

Factors,  instruments;  precise  leveling 1014 

Fall  of  Niagara  River 290 

Curvesof  (plate  89) 315,316,321 

Fall  of  surface: 

Detroit  River _ 280 

Lake  Erie  to  Lake  Huron 279 

Richelieu  River 822 

St.  Clair  Flats  Canal 280 

St.  Clair  River 280 

St.  Marys  River 38 

Features  of  Lake  Erie  regulation,  international 297 

Feeder  for  summit  level.     {See  Black  River.) 

Feeder,  Oswego-Mohawk  route.     {See  Black  River.) 

Ferguson,  O.  W.,  report,  precise  levels,  Detroit  and  St.  Clair  rivers.  Ap- 
pendix No.  21 1009 

Ferries: 

Oswego-Mohawk  route 66 

Oswego  route  proper 519 

Over  Mohawk 517 

Fie:d- 

Books,  precise  levels 1003 

Computation,  precise  leveling 1011 
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Field  notes:  Page. 

Example  of 10<)2 

Oswego  rout©  proper 513 

Plottingof :«7 

Field  parties,  instructions  to,  Appendix  No.  9,  part  2: 

Borings  . 337 

Field  nqtes :«7 

Sheets     337 

Levels 335 

Methods 334 

Organization 334 

Reconnoissance 334 

Reports 338 

Stadia  work 336 

Topography . .   335 

Transit  lines 335 

Field  party- 
Reports 338 

Work,  methods  of -. 334 

Field- 
Sheets  and  reduction,  finishing 337 

Tabulation,  precise  leveling 1011 

Fie'd  work: 

Brief  history  of . 41-43 

OswegoMohawk  route 491 

Oswego  route  proper 512 

St.  Lawrence  division  398, 399 

Schenectady-Normans  Kill  line 537 

Fifth  group,  Bazin's  weir  experiments 652,659 

Fifty- two  foot  lift  locks,  Champlain  (plate  68). 

Filling  of  locks 144 

Filling  or  emptying  a  lock,  time  required 146 

Finishing  field  sheets  and  reduction. :i37 

First  group,  Bazin*s  weir  experiments 612,647 

Fiscal  years.  Board's  exijeuditures  by 1048 

Fish  Creek  (see  East  branch  of  and  West  branch  of),  discharge  curve  and 

dam  section  (plates  111,112). 
Fixed- 
Minimum  freight  rates  _ 238 

Weir  and  piers,  Lake  Erie  regulating  works 293 

Flange  section,  lock  gate  frame.. 171,172 

Flats,  St.  Clair  - ..  84 

Fleet,  outlet  for  lake 273 

Flood.  Mohawk  River,  1898 799 

Flood-discharge  measurements.  Upper  Mohawk  and  other  streams 390 

Flood  How: 

Black  River,  jier  Francis's  formula  and  by  Cornell  exi)eriments 806 

Chemung  River ......   . .  809 

CrotonRiver .     808 

Genesee  River 808 

Hudson  River 803 

Lower  Mohawk  River 801 

Mohawk  River 796,802.804,805 

Mohawk  River  at  Rexford  Flats ..  803 

New  York  streams,  some 789, 790, 795, 802 
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Flood  flow— Continued.  Page. 

Oswego  River 793 

Salmon  River 796 

Seneca  River 793 

Upper  Mohawk 821 

Flood  measurements,  Mohawk  River,  report,  C.  L.  Harrison,  Appendix 

No.  10... ;)38 

Floods: 

Black  River  and  tributaries 805 

Central  New  York,  probability  of 814 

Mohawk  Valley,  control  of 816 

Floors,  lock,  method  of  construction 144 

Flow.     (-SVe  Speed  of  ships. ) 

Flow,  curve  of,  devised  by  Prof.  Williams 1 072 

Flow,  relation  of  submerged,  to  free  overflow 812 

Flow  of— 

River,  meter  observations  for  the  mean  direction  of :J  10 

Water  over  dams,  determination  of  coefficients  of  the  hydraulic  formula 

for 42,46 

Water  over  weirs,  curve  of,   Cornell    University  weir   experiments 
(piate  137). 

Flow  over  dams  {nee  Weir  experiments) 42 

Computation  used  for  obtaining 643 

Methods  of  computing,  water-supply  investigation ^ ('06 

Flow  over  weirs,  curves,  Cornell  weir  experiments  (plate  134). 

Fluctuations: 

Great  Lakes 274,277 

Lake  Champlain „ 322 

Fog  signal,  Oswego  breakwaters 214 

Footbridge,  lock  gates 196 

Foot  of — 

Lake  Erie  (plate  84). 

Head  of  Niagara  River,  survey  of 42 

Lake  Huron 37 

Lake  Michigan 37 

Force  diagram,  pressure  on  gates 169 

Foreign  and  domestic  commerce 239, 263 

Form  of  horizontal  frames  of  lock  gates,  considerations  that  decide  the 165 

Forms  of  accounts 329 

Formula  (si'e' Discharge;  Weir): 

Air  friction,  water  surfaces 904 

Sharp- crested' weirs 608 

Formula  for  — 

Determining  resistance  to  ship's  motion ,  Weisbach's  222 

Flow  of  water  over  dams;  determination  of  coefficients  of  the  hydraulic.  42, 46 

Time  required  in  lockage 137 

Weir  discharge,  comparison  of  (plate  127). 

Weirs  (.sre  Weirs) .   .. 290,291,589,811,812 

Fort  Hunter,  discharge  curve  and  dam  section  (plate  124). 

Fourth  group,  Bazins  weii*  experiments 637,651 

Frames  («i'c  Horizontal;  Lock  gate;  Vertical): 

Lock  gates .. 164,165 

Mitering  lock  gate,  isometric  proiection  of 176 

IL  Doc.  149 G8 
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Francis's  formula —  Page. 

Compared  with  Bazins 644 

For  weirs 290,291,380,381,589,811 

Free  overflow,  relation  of  submerged  weir  flow  to 813 

Freight,  St.  Marys  Falls  Canal 134 

Freight  and — 

For  freight  and  passenger  service,  ships  for 131 

Passenger  service,  ships  for 131 

Freight  carried  by  Erie  Canal 34 

Freight  of  waterways,  character  - 253 

Freight  rates,  essentials  for  a  fixed  minimnni 238 

Friction  in  lock  gates,  power  to  overcome _.       155 

Friction  upon  surface  of  water,  formula  of  air 904 

Frictional  resistance  in  (juoin 155 

Fri-ell,  J.P 589 

Fteley  nnd  Stearns  weir  experiments  589, 600, 674. 675, 812 

Fuertes,  Prof.  E.  A 42,46.128,669 

Fulton,  Oswego  River,  discharge  curve  and  dam  section  (plate  108). 

Fulton  to  Peter  Scott's  swamp  line 464 

Funds.     (*SV<^  Appropriations:  Expenditures.) 
Future  traffic: 

Coal.- 265 

Grain 264,265 

Iron  ore 264,265 

Lake,  development  of 118,120,263,265 

Lumber.   265 

Galliot,  M 175 

Garoga  Creek,  discharge  curve  and  dam  section  (plate  122). 

Gates  (8n?Lock:  Sliding:  Sluice),  for  culverts;  valves  for 146 

Gauge  readings: 

Cornell  weir  experiments  (plates  132, 133). 

Lake  Ontario 401 

Lake  St.  Francis 399 

Oswego 899,403 

St.  La>vrence  River 399,400,402,404 

St.  Lawrence  River,  Canadian  locks. 401 

Gauges: 

DetroitRiver 284 

LakeErie 284 

Niagara  River 801 

Water 800 

Gauging— 

New  York .. 587,591 

Richelieu  River 431 

Special  water-supply  investigation 590 

Streams  tributary  to  deep  waterways 586 

Gauging  stations,  special  water-supply  investigation 587, 606, 644 

Grear.     (.SVf»  Hoisting. ) 
General — 

Considerations  relating  to  lines  of  transportation 247 

Hydraulic  text- books  referring  to  lock  gates 200 

Profile.     {See  Profiles. ) 

Route  and  estimates  of  St.  Lawrence  division 405 

Topography  and  material  of  St.  Lawrence  division 405 


INDEX.  1075 

Genesee  and  Hudson  rivers:  Page. 

Data 585,586 

Rainfall 782 

Run-off  diagram  (plate  139). 

Run-off  mean 585 

Genesee  River- 
Flood  flow 808 

Precipitation  and  run  off 583, 585, 782 

Geological  and  United  States  Coast  surveys 128 

Gilbert,  G.K ..     * -  .  443 

Girder  form  of  lock  gates,  merits  of  the  arch  and 168 

Girder  weights,  lock  gates: 
Diagram  of  (plate  77). 
Table  of  (plates  75, 76). 

Girders,  stresses  in 171 

Glens  Falls  Paper  Company 339 

Goldmark,  H.,  assistant  engineer: 

Analysis  of  steel  lock-gate  deflections  by 194 

Lock-gate  investigations  begun  by  .  207 

Report  on  Poe  lock-gate  measurements 191 

Gorge,  head  of  St.  Clair  River 37 

Gorges.     {See  Ice. ) 
Grades: 

Cham  plain  route  -..  373 

Lasalle-Lewiston  route 346 

Tonawanda-Olcott  route . « .   358 

Grain  traffic 118,264,265 

Gravel  excavation ..  958 

Great  Lakes: 

Area  of  surfaces  and  watersheds 274, 276 

Evaporation    274,275,277 

Lake  Erie  regulation  effect 277,278.297,298 

Largest  ship  on 133 

Locksofthe 129 

Shipbuilding 133 

Greenbnsh  bench  marks  to— 

Hudson,  N.  Y 1016 

Lake  Ontario,  levels  run  from 392 

Troy,  N.  Y 1017 

Green,DavidM 805 

Grosse  Point  Shoal 37 

Ground  water,  Champlain  route _ 438 

Harbor.     (.S>e<i  Buffalo:  Chicago:  Duluth;  Olcott;  Oswego.) 

Harbors  and  waterways,  lake 35 

Hardpan  excavation 958 

Harrison,  C.  L. ,  reports,  Tonawanda-Olcott  route,  Lasalle-Lewiston  route, 
Hudson  River  division,  Champlain  route,  flood  discharge,  Mohawk  Valley — 

Appendix  No.  10 338 

Haskell,  E.E 299,1009 

Hay  Lake  Channel 38 

Head  of  Niagara  River  (plate  84). 
Profile  of  (plate  90). 

Survey  of  foot  of  Lake  Erie  and 42 

Head  of  St.  Clair  River,  gorge  at 37 
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Headwater  reservoirs,  Black  and  Moose  rivers 573 

Heap,  Lieut.  Col.  D.  P .  214 

High  and  low  stages  (see  Elevations) : 

Lake  Ontario 400 

St.  Lawrence  River 399 

High-level  project,  Oswego-Mohawk  ronte 62 

High  water: 

Lake  Champlain . . .    327 

Lake  Huron : 288 

Lake  Michigan 288 

High- water  marks: 

Oswego  route  proper 523 

Schenectady-Normans  Kill  line 542 

Highways  crossings.     {See  Crossings.) 

Himes,  A.  J. ,  report,  western  division,  Oswego-Mohawk  route— Appendix 

No.  13 443 

Hinds,  F.  A 945 

Hinges  of  lock  gates 195 

Pivots  and 153 

Strength  of 153 

History  of  field  work,  brief 41-43 

Hogansburg,  N.  Y.,  to— 

Cape  Vincent,  precise  leveling 397 

St.  Regis,  Canada,  bench  marks 1029 

St,  Stanislas,  Canada,  bench  marks 1028 

Holgate,  H- 431 

Hoi  ton  Station,  N.  Y. ,  photographs,  quartzite  outcrop 438 

Horizontal  frames  for  lock  gates 164, 165, 166 

Considerations  that  decide  the  form  of 165 

Eighty- foot  lock  gates,  most  economical  shape  of 167 

Loading  on. 189 

Proportioning  of 169 

Webs - 172 

Hough,  F.B 8-29 

Howell,  D.  J.,  report,  eastern  division,  Oswego-Mohawk  route— Appendix 

No.  14  (plates  25-33) , 500 

Hudson.     {SeeTida,].) 

Hudscn  and  Black  rivers,  comparative  run-off  (piate  102) 777 

Hudson  and  Genesee  rivers  run-off: 
Diagram  (plate  139). 

Mean 585 

Hudson  River 29 

Alignment 567 

Benchmarks 1016,1017,1023 

Catchment-area  precipitation 780 

Catchment  areas  and  maps 576 

Character  of  material 973 

Dams  across _ 42, 377, 569 

Data  ..-- 585,586 

Discharge.. _ _ 380,388 

Drainage  of  upper  (plate "94). 

Floodflow _ 803 

Flow,  Mechanicville 775 

Levels  to  Lake  Ontario 338 
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Hudson  River— Continued. 

Power  and  Transmission  Company  339 

Precipitation  and  run-off -^ 782 

Rainfall 782 

Relation  of  meteorology  and  tides  (plate  100). 

Run-off 584,585 

Run-off  at  Mechanicville 584, 585 

Run-off  compared  with  precipitation  on  northern  plateau,  New  York.  .      77G 

Survey  of .  42 

Waterway  from  Lake  Champlain  to  Troy '308 

Hudson  to  Greenbush,  N.  Y.,  bench  marks 1016 

Hud8on  River  division: 

Borings 371 

Character  of  material 971 

Co>t  of  work 372 

Channel  location 373 

Channel  stability 80,385 

Diamond-drill  borings  (figs) 970 

Estimates 80 

Excavation 79,971 

General  profile  (plates  06,67). 

Grades 373 

Mapping 370 

Materials 79,971 

Party  organization 368 

Report,  H.  F.  Dose— Appendix  No.  15  (plates  49-55)     77, 368 

Stadia  work 372 

Structures 80 

Surveys 42,369 

Huntington  dam  (photograph)   854 

Huntingtonville,  Black  River,  discharge  curve  and  dam  section  (plate  126). 
Huron  Lake.     (.Se-e  Lake  Huron.) 

Huron-Michigan  basin,  precipitation 275 

Hydraulic- 
Formula  for  flow  of  water  over  dams,  coefficients  of 42, 46 

Text- books  referring  to  lock  gates,  general 200 

Hydrography,  Oswego- Mohawk  route,  areas  of 512 

Ice:  ^ 

Gorges,  Mohawk  Valley  ._.. 525 

Jams,  St.  Lawrence  division 404 

Seasons,  Champlain  and  OswegoMohawk  routes 245 

Improved  level  rod  (fig.)    .   502 

Improvement  estimates,  lake  channels 27, 953 

Improvements,  original .   27 

Improvements  of  lakes  and  related  waterways 27, 958 

Incorrect  lake  gauges 284 

Increase  annually  in  cost  of  additional  depth  of  waterway 236 

Increase  of  width  of  prism  on  curves 44, 46 

Increasing  or  decreasing  discharge,  effect  of  weir  submergence  in 810, 81 1 

Index — 

Map  (plate  1). 

Page  for  field  notebooks,  precise  leveling 1004 

Indian  engineers,  weir  formula  of 589 

Indirect  advantages,  relative 262 
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Inequality  of  telescope  rings,  precise  leveling 1013 

Inquiry,  cost  of  statistics 1046 

Inflow  from  Niagara  River  . 278 

Influence  of  waterways  on  railway  rates 137, 272 

Initial  bench  marks  . . 1015 

Injury  of  channel  slopes,  limit  of  ship  speed  to  avoid 223 

Inlets  and  outlets  of  culverts 145 

Instructions— 

From  Secretary  of  War  for  guidance  of  the  Board— Appendix  No.  9,  part  1  328 

To  disbursing  officer,  Treasury  and  War  Departments 833 

To  field  parties— Appendix  No.  9,  part  2 334 

Instrument- 
Constants,  precise  leveling 999 

Factors,  precise  leveling 1014 

Instruments,  St.  Lawrence  and  Lake  St.  Clair  precise  leveling 993 

Intensity  of  pressure.     {See  Miter  posts. ) 

Intermediate  channels  of  the  lakes 27,83,S6,953 

International  Bridge,  Niagara  River 299 

Cross-section  (plate  88). 

International  features,  Lake  Erie  regulation 297 

Introduction  by  George  Y.  Wisuer,  report  on  character  of  materials 957 

Investigations: 

Design  and  weight  of  horizontal  frames  for  lock  gates 166 

Determination  of  the  most  econoniicid  shape  of  horizontal  frame  for 

gates  for  80- foot  lock MM 

Discharge  section  of  Niagara  River  discharge 299 

Lock-gate  frames 16(i 

Lock  gates,  begun  by  Goldmark 207 

Outline  of  Board's 43 

Special,  by  members  of  the  board  .  40 

Iron  ore,  future  traffic 118.264,265 

Irregular  profiles,  Bazin's  experiments  on  wiirs  of 610 

Isometric  projection  of  a  mitering  lock  gate 176 

Jams.     {See  Ice. ) 

Jervis,J.  B 826 

Keifer,T.C 128 

Kennedy,  John 128 

Kidd,  J.  H.     (.SV(>  Secretary  of  the  board.) 

Kiel  Canal,  speed  of  ships  in     .   224 

Kirby,  Frank  E.,  type  vessel  estimates 123,  128,  132,  218,  253,  269 

Kutter's  formula                           883 

Labor,  summit-level  water  supply 949 

Lake  basins,  rainfall 276 

Lake  Champlain: 

Area 322 

Benchmarks 1023,  1026,  1027 

Country  between  St.  Lawrence  and 426 

Dam  regulation 326,327 

Discharge 326 

Elevations 323,430 

Evaporation 326 

Fluctuations ..  322 

High  water 327 

Levels  through 894 

Low  water  ..   826 
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Lake  (^bamplain— Continned. 

Monthly  mean  discharge 324 

Rainfall... 326 

Regulating  works 326,  327 

Site  (plate  01). 

Regulation,  report  on,  Appendix  No.  8... 321 

Soundings  and  borings  in,  authorities  for 951 

Storage  and  supply 325 

Surveys  through 428 

To  Hudson  River  at  Troy 368 

Lake  St.  Francis 1027 

Watershed 326 

Lake  channels,  report  on,  A.  J.  Swift,  Appendix  No.  17 951 

Alignment 89,92,953 

Elevation 380,282,952 

Improvement  estimates 953 

Slopes 953 

Soundings 951 

Lake  commerce,  draft  best  adapted  for 237 

Lake  Erie: 

Control 47 

Discbarge 289 

Effect  of  regulation 49 

Elevations  .  ..   952 

Gauges. 284 

Improvement 95d 

Watersupply 287,289 

Wind  effect.. 292 

Lake  Erie  as  a  source  of  supply  for  Oswego- Mohawk  summit  level 572 

Lake  Erie  regulating  works 48 

Canal  at  . 294 

Chain  suspension  for,  designed  by  S.  H.  Woodard 293 

Hoisting  gear  for  sluice  gates  (plate  87). 

Location  of,  proposed 293 

Lock  for 293 

Masonry  and  superstructure  (plate  85). 

Operation  of 293 

Piers 293 

Sluice  gates  and  counterweights  (plate  86) 293 

Superstructure  (plate  85). 

Weirs,  fixed 293 

Lake  Erie  regulation: 

Benefits  to  be  derived  from 295 

Effect  of 48,277,281,297,298,952 

Estimated  cost  of 294 

International  features  of 297 

Plansfor 282 

Rei  ort  on,  George  Y.  Wisner,  Appendix  No.  6 273 

Rulesfor 288 

Structures  for,  designs  of 293 

Study  of,  conclusions  of 297 

Lake  Erie  to  Lake  Huron: 

Slopes 279 

Thirty-foot  channel  estimates 953,954,955 

Twenty-one-foot  channel  estimates 953,954 
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Page. 
Lake  Erie  to  Lake  Haron— Continued. 

Water-surface  elevations 953 

Width  and  depth  of  channels 953 

Lake  Erie  to— 

Lake  Michigan 86 

Lake  Ontario 339 

Lake  Ontario  bench  marks 1037 

Lakes  Huron.  Michigan,  and  Superior  channels,  report,  Appendix  No.  17 .  95 1 

Lake  Superior 80 

Lake  fleet,  deep  waterways  an  outlet  for 137 

Lake  harbors  and  waterways 35 

Lake  Huron: 

Elevations 953 

Estimates  of  improvement 953 

Evaporation 274 

Fluctuations 374 

Foot  of 37 

High  water 288 

Level  lowered 38 

Rainfall 275 

Run-off 275,276 

Water  supply 274 

Lake  Huron  to  Lake  Superior,  channel  estimates 39, 953, 956 

Slopes. 279 

Lake  levels,  structures  for  regulation 42 

Lake  Michigan: 

Evaporation ..  274 

Fluctuations 274 

High  water 288 

Level 37 

Rainfall 275 

Runoff 275,276 

Shoals  at  foot  of 37 

Water  supply  .    . 274 

Lake  Michigan  to  Lake  Erie,  channel  estimates 86, 951 

Lake  Oneida: 

Benchmarks 1018 

Borings 488,489 

Catchment  areas  and  maps 576 

Drainage  (plate  97). 
Lake  Ontario: 

Effect  of  Lake  Erie  regulation 49,277 

Elevations 277,278 

Estimates  for  channel  between  Minetto  and 463 

Fluctuation 277 

Levels  run  from  Greenbush 392 

Water  level  curves  (plate  81). 

Lake  Ontario  and  St.  Lawrence  River  stages  compared 400 

Lake  Ontario -Atlantic  routes,  comparison 242 

Lake  Ontario  at  Oswego,  gauge  readings 401 

Lake  Ontario  to  Lake  Erie,  bench  marks 1037 

Lake  regulation 273 

Lake  regulation,  cost  of  lake  channels  with  and  without 296 


INDEX.  1081 

Page. 

Lake  St.  Clair  (plates  6-13) 36,84,1009 

Channel -..        37 

Eievations 952 

Estimates .. 953 

Slopes ..     1009 

Lake  St.  Clair  and  St.  Lawrence  River  bench  marks 995 

Lake  St.  Clair  and  St.  Lawrence  River  precise  leveling.     {See  St.  Lawrence 
River. ) 

Lake  St.  Clair  bench  marks  1039 

Lake  St.  Francis 400 

Bench  marks .     1027 

Elevation    404 

Gauge  readings 399,403 

Lakes: 

Effect  of  Lake  Erie  regulation 279 

Flow  througli  waterway  system,  distribution  of 276 

Intermediate  channels  of 27,83,86,953 

Storage . 274 

Sujierior  to  Lake  Erie,  estimates 86 

To  tide  water,  estimates 113 

Traffic 117,262,265 

Future  development  of 118,120,263,265 

Water  gauges,  incorrect 284 

Lakes  and  related  waterways 27, 953 

Lakes  Michigan  and  Superior  to  tide  water,  estimates 113 

Lake  Superior: 

Channel  to  Lake  Huron 39 

Commerce _ 38 

Elevations 952 

Storage 274 

Land  and  water  surface  evaporation,  Oswego  River  basin 812 

Land  damages.  Black  River  reservoir .  843, 856, 864 

Landslides,  drainage  to  prevent   ...   ..   63 

Large  locks,  disadvantages  of   133 

Large  ships  in  restricted  waterways,  movement  of 217 

Largest  existing  ship  on  the  Great  Lakes 133 

Lasalle-Lewiston  route: 

Alignment 92 

Bridges 351 

Crossings 351 

Diamond-drill  borings  (fig.  959) 980,986 

Distance 92 

Estimates.- 55,352 

Excavation 343 

General  profile  (plate  60). 

Grades 346 

Locks 347,352 

Material 53,343,958 

Materials  for  construction 54 

Report,  C.  L.  Harrison,  Appendix  No.  10  (plates  14, 15,60) 338,343 

Retaining  walls  and  slopes _      347 

Streams  crossed 54, 349 

Twenty-one  foot  channel 92 

Water  power  for  operating  locks 348 
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Page. 
Lasalie-Le.wistoii  and  Tonawanda-Olcott  routes: 

Relative  values  of    . . 59 

Surveys  ... 340 

LasjiUe  to  Lewiston  bench  marks  -. 1039 

Lathaiu,  Baldwin 813 

Lavoinne,  M 175 

Law  of  variation  of  intensity  of  pressure,  bearing  faces  of  miter  posts 156, 163 

Legge,  C - 4:^1 

Lellemand's  method  of  determining  pay  for  leveling 1008 

Length  and  dra!t  of  ships,  ratio  between 132 

Length  of  one  meter  on  leveling  rods 1014 

Letter  appointing  board 25 

Level.     ( See  New  York  summit. ) 
Leveling  {see  Precise): 

Correction  of  rod  readings 1014 

Instrument  factors 1014 

Lellemands  methoil  of  determining  pay  for 1008 

Sources  of  error    995, 998 

Level  rod,  improved  (fig.) 502 

Levels  (.sfr  Lake;  Low;  Precise;  Water): 

Champlaiu  route  ..  .    393 

Originfor. 429 

Crown  Point  light- house  to  Troy 894 

Greenbush  to  Lake  Ontario 392 

Hudson  R.verto  Lake  Ontario 338 

Instructions  for  running 335 

Lake  ( 'hamplain 394 

Lake  Huron     38 

Lake  ^lichigan _ 37 

Oswego- ^fohawk  route 392 

St.  Lawrence  and  St.  Clair 992 

Tidal  Hudson 565 

Level  tube  inclination,  correction 1018 

Level  work,  Oswe:;o- Mohawk  route 502 

Lewis  Dam,  Beaver  Falls  (photograph) 854 

Lewiston  flight  of  IocaS  (plate  69). 

Estimated  cost 147 

Gates  for  (plate  74). 

Lewiston  to  Lasalle  bench  marks 1039 

Lift  of  locks,  points  affecting 142 

Light-house.     ( See  Crown  Point. ) 

Light-house  and  fog  signal ,  Oswego  breakwaters 214 

Limit  of  speed  in  canals 223 

Limits,  discharge  observations,  Niagara  River 320 

Line  of  the  discharge  section  ( see  Meter  observations) 310 

Line  through— 

Lake  Champlaiu,  surveyed 428 

Lake  St.  Francis,  surveyed 428 

Peter  Scott's  swamp,  Oswego-Mohawk  route 465 

Lines  (see  Routes;  Divisions): 

Characteristics  of  transportation 266 

Oswego-Mohawk  route , 511 

Alternative 462 

Transt 385 

Transi)ortation ,  general  considerations  relating  to 247 
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Lining  of  culverts 145 

Little. Falls,  discharge  curve  and  dam  section  (plate  120). 

Loading  on  horizontal  frames  of  lock  gates 189 

Location  {nee  Routes;  Divisions) : 

Champ'ain  route,  conditions  governing 428 

Lal:e  Erie  regulating  works 293 

Schenectady-Normaus  Kill  line 543 

Lock: 

Gate  for  60- loot,  lower  (plate  71). 

La'i  e  Erie  regulating  works 293 

Poe,  measurements  of 159 

Time  required  to  fill  or  empty    146 

Weitzel,  traffic  through 136 

Lockajie: 

Delays  to 140 

ijouble.  advantages  of  ._ _  141 

St.  Marys  Falls  canal 129 

Single,  advantages  of 131 

Sire  of  ships  that  would re(iuire 132 

Time,  formula  of 137 

Lockage  capacity  of  waterways: 

Thirty-foot .' 139 

Twenty-one-foot 135 

Lock  and  approaches  Sault  Ste.  Marie,  Mich.,  30-foot  channel 955, 956 

Lock  estimates,  St.  Marys  Falls  canal. 955 

Lock  floors,  method  of  construction 144 

Lock  gate: 

Bascule 150 

Deflection  of,  diagrams  showing  (plate  ^0) 176 

Deflections,  analysis  by  H.  Goldmark - 194 

Curves  (plate  80). 

Double-leaf  mitering 150 

Eighty-foot,  Oriskany  (plates  72,  73). 

Mitering 151 

Plunging 150 

Poe,  measurements .  191 

Quadrant 150 

Single-leaf 150 

Sixty-foot  (plate  70). 

Sliding 150 

Tumble 150 

Under  pressure,  diagram  showing  deflection  of 174 

Lock  gate — 

Frames,  flange  section 171,172 

Hinge,  anchorage  of 196 

Hinges... 153,195 

Lock  gates  (see  Framing;  Miter  i)ost) 146 

Air  chambers 152 

Anchorage 195,196 

Bibliography  of  articles  studied 200 

Bending  moment  in  vertical  system  189 

Buoyancy,  provisions  for 153 

Deflections  of  steel 175,194 

Eciuilibrium  polygon 170 

Estimates 147,  148,197 
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Lock  gates— Continued.  Page. 

Frames  of  a  niitering  gate,  isometric  projection  of 176 

Framing  for  horizontal 164 

Framing  for  vertical 164 

Footbridge  . 196 

Friction,  power  to  overcome 155 

Girder  weights  for  TO-foot  (plate  76). 
For  00- foot  (plate  75). 

Hinge,  upper 195 

Horizontal  frames  of:  considerations  that  decide  the  form  of 165 

Design  and  weight  of 166 

Loadingon 189 

Most  economical  shape  of 167 

Webs  of ..  172 

Investigations  begun  by  GK)ldmark 207 

Machinery,  operating 146 

Material/. 151 

Used  in  England,  Europe,  and  America 1 152 

Merits  of  the  arch  and  girder  form ._  168 

Miter  contact  of,  effect  of  temi)erature  on 158 

Miterposts . 156,163 

Adopted  design 155 

Thrustat 159 

Monographs  on,  special 203 

Periodicals,  and  transactions  of  engineering  societies  referring  »o       ...  204 

Pivot : 195 

Pivots  aud  hinges    ..    153 

Quoin  post,  adopted  design 154 

Report  on,  by  S.  H.  Woodard— Api)endix  No.  2 . .  148 

Rollers  for  .   152 

Sheithing 153,173,194 

Sillcontact 196 

Sliding .  150 

Steel,  behavior  of  large 191 

Steel  and  wooden  146, 151 

Steel  better  than  wood  for 152 

Stiffness,  effect  of  vertical 174 

Studies,  outline  of  .. 148 

Styles,  outline  of  various 148 

Supi)ortof 152 

Text-books,  referring  to    200 

Tidal 150 

Types,  study  of 150 

Vertical  stiffness  of.  analysis  of  the  effect  of 174 

Weights  of,  curves  of  (plate  79). 

Estimates  of 197 

Parabolic  curves 199 

Lockport  and  Watertown,  comparison  of  economic  statistics  of 840 

Locks; 

Calculated  delay  at . .   134 

Canadian,  readings  of  St.  Lawrence  River  at 401 

Champlain,  52-foot  lift  (plate  OH). 

Champlain  route 383,384,432,439 

Culverts  for  filling  and  emptying 144 
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Description  of,  general 143 

Dimensions  adopted 180-133 

Doable,  advantages  of 141 

Duplicate,  dimensions  of 141 

Estimates 147 

Great  Lakes 129 

Large,  disadvantages  of •. 133 

Lasalle-Lewiston  route 347,348,352 

Lewiston  flight  (plate  69) 147 

Lift  of.  points  affecting 143 

Low-level  plan,  Oswego-Mohawk  route 471 

Machinery  for,  electrical  operating  146 

Masonry  of . 146 

Oriskany.  20- foot  lift  (plate  68). 

Oswego-Mohawk  route 66, 453, 547 

Rei)ort.  Alfred  Noble— Appendix  No.  1 129 

St.  Lawrence-Champlain  route 75 

St.  Lawrence  division 404.423 

Sault  Ste.  Marie 953 

Sill,  rise  of .   152 

Single,  advantages  of 131 

Steel  adopted  as  material  of 152 

Tonawanda-Olcott  route 358,359,365 

Walls 141 

Loclv  or  system  of  locks  for  the  passage  of  ships,  capacity  of 134 

Lock  quoin  posts: 

Design      154 

Material  ,. 154 

Lock  walls,  methods  of  strengthening. 144 

Locks  in  combinations,  capacity  of 138, 139 

Losses  by  evaporation  and  percolation.  Black  River  feeder  line 823, 908 

Lower  gate: 

Eighty-foot  lock,  Oriskany  (plate  73), 
Sixty- foot  lock  (plate  71), 

Lower  Mohawk  River  flood  flow 801 

Low  level ,  Oswego-Mohawk  route 63, 94, 468 

Alignment ... 472 

Bridges  for 471 

Estimates  for 472 

Locks 471 

Rainfall  and  run-off  data 482 

Watersupply 479 

Low  level  ship  canal,  water  supply  for 824 

Low  stages  of — 

Lake  Champlain 326 

Lake  Ontario  and  St.  Lawrence  River,  comparison  of  high  and 4(K) 

St.  Lawrence  River,  high  and- 399 

Tidal  Hudson 563 

Lumber  traflic,  future 119,265 

Lydecker,  Lieut.  Col.  G.  J 128,280,951,1009 

Lyons  Falls,  water-power  development  at,  photograph 854 

M,  Bazin's  coefficient 608,609,639 

Machinery  of  lock  gates. 146 
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Macklin,  J.W... 128,431,432 

Maintenance  and  operation  of  waterways,  cost  of 126, 271 

Manchester  canal: 

Culvert  construction 145 

Gates  of.  wooden 151 

Shipspeedin .     224 

Manufacturing  projects  on  Black  River,  early  water  power  and 828 

Map,  index  (plate  1 ). 

Mapping;: 

Champlain  route 370 

Hudson  River  division 870 

Niagara  ship  canal  342 

Oswego-Mohawk  route  . 496, 512 

Maps  {see  list  of  Plates  in  Contents): 

Catchment  areas  and .  special  water-supply  investigation 576 

Hudson,  Mohawk,  and  Black  rivers  and  Oneida  Lake 576 

Marceau,  Ernst 128,430,431,432,442 

Marichal,  A 607 

Marks.     (.SVt^  Bench:  Water. ) 

Marsh  area,  evaporation  from 813 

Masonry,  !oc'k  gates 146 

Masonry  and  superstructures.  Lake  Erie  regulating  works  (plate  85). 

Material  (.s<(^  Excavation): 

Breakwaters  at  Oswego  and  Olcott 214 

Chaniplain  route 437,967,969,971 

Deep  waterways  routes,  character  of,  report  on,  Appendix  No.  18 957 

For  construction 54 

Hudson  River 973 

In  England.  Europe,  and  America 152 

Lasalle-Le  wis  ton  route 53,343,958 

Lock  gates ... 151 

New  York  summit-level  water-supply  feeders,  source  of 944 

Oswego-Mohawk  route... 962,964 

Quoin  posts,  lo-k 154 

St.  Lawrence  division 405 

Schenectady-Normans  Kill  line 539 

TidalHudson ...       569 

Tonawanda-Olcott  route 960 

Maximum  discharge.  Lake  Erie 290 

Maximum  storage: 

LakeErie 288 

Lakes  Michigan  and  Huron 289 

McAlpine,  William  J 805 

McElroy,  Samuel 378,805,806 

McLeod,  Prof.  C.H 431 

Mean— 

Discharge  of  Lake  Champlain,  monthly 324 

Elevationsof  Lake  Champlain,  monthly 323 

Run-off  between  Genesee  and  Hudson  rivers,  data 585 

Storage  and  supply  to  Lake  Champlain,  monthly 325 

Tide  at  New  York,  Champlain  route,  elevations  above 897 

Tide  at  New  York,  Oswego-Olcott  route,  elevations  above 897 

Mean  velocity  coefficients  for  computing  Niagara  River  discharge  observa- 
tions   313,315 
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Means  for  providing  for  buoyancy  of  lock  gates 153 

Measurements  {Hue  Discharge): 

Flood  discharge,  Mohawk  and  other  New  York  streams 390 

Moliawk  River  flood,  report,  C.  L.  Harrison,  Appendix  No.  10 338, 390 

Poe  lock  gat?,  report  on 191 

Mechanic ville,  N.Y.,  Hudson  River  flow  at-  775 

Run  off  at 584,585 

Meeting  of  miter-post  faces,  study  of  center  of  pressure  of 156 

Members  of  the  Board,  sj)ejial  investigations  by  . .    40 

Mendenhall,  Prof . T. C 992 

Merits  of  the  arch  and  girder  form  of  lock  gates . .  .     108 

Metal  quoins    _ .    ...  155 

Meteorological  stations.  New  York,  precipitation  records  at  some 692-773 

Meteorology  and  tides  at  Albany,  diagram  showing  relation  of,  Hudson  River 
(plate  100). 

Meteorology.  New  York 692, 777 

Relation  of  run-off  to  precipitation 777 

Meter  on  rods,  standard  length  of  one 1014 

Meter  observations: 

Direction  of  current  .   .   . 310 

Direction  of  the  normal  to  the  bridge  or  to  the  line  of  the  discharge  sec- 
tion   310 

Discharge .  306 

Flow  of  the  river,  for  mean  direction  of 310 

Reduction  of ...  311 

Transverse  curves 309 

Vertical  curves 309 

Meter  ratings: 

Resultsof 304 

Summary  and  comparison  of 305 

Meters  and  recording  device,  current 301 

Method  of— 

Computing  discharge  for  Schoharie  Creek  dam,  New  York 645 

Constructing  lock  gates . .  14  i 

Determining  pay  for  leveling,  M.  Lellemand*s .  1008 

Measuring  deflections,  Poe  lock  gate  ( fig. ) 192 

Rating  current  meters 304 

Methods: 

Diamond-drill  borings - 975 

Field  party  work _ 334 

Gauging;  special  water  supply  investigation .  590 

Precise  leveling,  Detroit  and  St.  Clair  rivers 1010 

Precise  leveling,  St.  Lawrence  and  Lake  St.  Clair 1000 

Stadia  work : 336 

Survey 340,500 

Methods  of — 

Computing  flow  over  dams  at  gauging  stations,  water-supply  investiga- 
tions   606 

Making  Board's  payments 1044 

Strengthening  lock  walls 144 

Michigan .     ( See  Lake. ) 

Middle  gates,  Lewiston  flight  (plate  74) . 

Middleville,  West  Canada  Creek,  discharge  curve  and  dam  section  (plate  119) 

Miles  surveyed  and  cost  by  divisions 1048 
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Mills.     (.*^'«?e  New  York:  Reeders:  Ridge.)  Page. 

Minetto  and  Lake  Ontario,  estimates  for  channels  between 463 

Minetto  to  Oswego,  Oswego- Mohawk  route 462 

Minimum- 
Freight  rates  238 

Stage,  Lake  Erie 289 

Transportation  rate,  dimensions  of  canal  for 239 

Mi scellaueous  streams.  New  York,  run- off 58ii 

Mississippi  River  Commission 1U(>9 

Mittr  contact  of  lock  gate,  effect  of  temperature   15S 

Mi  ering  lock  gate,  doahle  leaf 150 

Mitering  lock  gate  the  standard  for  lock  gates.    151 

Miter- post  faces,  study  of  center  of  pressure  of  meeting l.")0 

Miter  posts  (see  Lot'k  gates): 

Bearing  faces,  law  of  variation  of  intensity  of  pressure 156 

Bearing  piece,  contact  of;  cylindrical  surface  ( figs. ) .    .   .  _ IVA 

Bearing  piece  for  (fig. ). 160 

Bearing  surface,  contact  of  plane  (figs. ) 157 

Cylindrical  bearing  blocks:  analysis  for 161 

Design  of ,  adopted     155 

Eccentricity  at,  diagram  showing  effect  of  (plate  78). 

Measurements  of  timber  compression  of,  Poe  l(3ck 159 

Meeting  faces  of .    . 150 

Analysis  of  pressure  of .   157 

Poe  lock,  elasticity  of  wood ll»:j 

Steel-bearing  pieces  in 163 

Thrust. Vi\i 

Timber-bearing  faces  of,  examination  of  laws  of  intensity  of 156. 10 J 

Meter  sill,  elevation,  St.  Johns 429 

Modulus  of  elasticity  of  wood,  miter  post,  Poe  lock 19o 

Mohawk.     {See  Oswego:  Upper. ) 
Mohawk  River: 

Bridges,  aqueducts,  and  ferries  over. 517 

Catchment  anas  and  maps .  576 

Dams 513,515 

Drainage  (plate  95). 

Flood  flow 796,801,802,804,805 

Flood  measurements,  report,  C.  L.  Harrison,  Appendix  No.  10 3^58 

Floodofl898 799 

Little  Falls,  discharge  curve  and  dam  section  (plate  ICO). 
Rexford  Flats,  discharge  curve  and  dam  section  (plate  125). 

Rexford  Flats,  flood  flow 803 

Ridge  Mills.  N.  Y.,  discharge  curve  and  dam  section  (i)late  114). 

Run-off .... 586 

Watershed  precipitation              480 

Mohawk  River  and  other  New  York  streams,  flood-discharge  measurements.  390 

Mohawk- Sus(iuehanna  divide,  water  supply  from  New  York  State  reservoirs.  825 
Mohawk  Valley: 

Bench  marks 1018 

Floods,  control  of .  . 816 

Ice  gorges  ..   525 

Molitor,  D.: 

Gauging  of  Lake  Ontario,  by 402 

Precise  leveling,  Hogansburg  to  Cape  Vincent 397 
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Molijor,  D.— Continued.  Inge. 
Report,  precise  levels,  St.  Lawrence  River  and  Lake  St.  Clair,  Appen- 
dix No.  20 ..  991 

Self- reading?  preciae-level  rod  designed  by 994 

Moment.     (SV6  Bending  of  lock  gates.) 

Money  and  property  accountability  of  Board  governed  by  United  States 

Array  Regulations 333 

Mono;;raphs  on  lock  gates,  special 203 

Monro,  Thomas 128,427,428,429,442 

Monthly  mean- 
Discharge,  Lake  Champlaiu . 324 

Elevati')ns,  Lal^e  Champlain 323 

Storage  and  supply,  Lake  Champlain 325 

Montreal  Harbor  Commission 128 

Moose  River  reservoirs . .  573, 574 

Most  favorable  deep  waterways  routes 271 

Motion.     (.See  Ship's.) 

Mount  Hope  Reservoir,  Rochester,  evaporation  observations  at 586 

Mud  excavation 958 

MuUina,  Lieutenant-General  589 

Nappes,  classification  of  different  species 658 

Navigation,  period  of 245 

Newell,  F.  H 486 

New  York : 

Black  River  run-off  compared  with  precipitation  on  northern  plateau..  776 

Canals,  proposed _ 33 

Canals,  system  of .-. 28 

Creeks,  flood  flows  of  some 789,790,795,802 

Floods  in  central,  probability  of 814 

Drainage  (plate  99). 

Gauging  of  streams  in  central  and  eastern - 686 

Gauging  stations 587, 59 1 

Meteorology 692, 777 

Precipitation 692,773,815 

Rainfall  (plate  9«). 

Run-off  to  precipitation,  relation  of ..-  777 

Streams,  run-offs 579,586,599 

Triangulation 501 

Value  of  Watertown  to  State _ 837 

New  York  Mills.  Sauquoit  Creek,  discharge  curve  and  dam  section  (plate  118). 

New  York.  N.  Y. ,  elevations  of  routes  above  mean  tide  at,  notable 397 

New  York  State- 
Dam,  Troy 563,569 

Engineer  E.A.Bond 339 

Reservoirs  on  Mohawk-Susquehanna  divide,  water  supply  from 825 

New  York  to  Buffalo: 

Comparison  of  routes 245 

Distances 244 

New  York  tributaries  to  deep  waterways,  gauging  of 583 

New  York  water  supply.     {See  Water-supply  investigation. ) 

Niagara  Falls  to  Tonawanda,  bench  marks 1038 

Niagara  River 35 

Bench  marks,  Canadian  side - 1038 

Channel  between  Lake  Erie  and,  estimated  cost  of 295 

H.  Doc.  149 69 
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Cnrrent  velocities,  vert iciil  curves  (fig.) 312 

Discharge  formulas 284 

Fall,  curves  of  r plate  80) 315,316 

Gauges 301 

Head  of  (plate  84). 

Inflowfrom. ..  278 

International  bridge,  cross  section  at  ( plate  88) 299 

Lake  Erie  regulation,  effect  of 49,277 

Profile  of  head  of  (plate  90). 

Slope  of,  for  different  stages  of. 290 

Survey  of  f«)ot  of  Lake  Erie  ai:d  head  of 42 

Niagara  River  discharge.. 42,284 

Computations  for  discharge 316 

Curves,  discharge  (plate  89 ) . 

Curves,  discharge,  and  curves  of  fall  (plate  89) 321 

Discharge  section 399.311 

Report,  C.  B.  Stewart,  Appendix  No.  7 298 

Niagara  River  discharge  and  Lake  Ontario  water  levels,  curves  of  (plate  81 ). 

Niagara  River  discharge  observations: 

CoefKcients  for,  mean  velocity 313 

Curves  of,  vertical  and  transverse 311 

Limits  used  in  selection  of _ 320 

Niagara  route:  (See  Niagara  ship  canal.) 

Borings 341 

Report,  C.  L.  Harrison,  Appendix  No.  10 338 

Surveys 340 

Niagara  ship  canal  (see  Niagara  route) 50 

Deep- water  way  survey... ..  52 

Lasalle-Lewiston  route 53 

Mapping    342 

Physical  characteristics 51 

Reconnoissance 241 

Surveys  and  examinations  of ,  former 41.52 

Tona wanda-Olcott  route 355 

Niagara  ship-canal  routes  50 

Comparison  of  waterways  .  241 

Vicinity  (plate  92). 

Nichols,  L.  L 805 

Nine- Mile  Creek: 

Discharge  curve  and  dam  section  (plate  115). 

Run-off    - 586 

Niskay una- Albany  line: 

Via  Shakers,  Oswego- Mohawk  route,  eastern  division 534 

Via  Town  House  C'omers 535 

No  hie,  A.,  report  on — 

Locks,  Appendix  No.  1... 129 

Speed  of  ships,  Appendix  No.  4 216 

Normal  to  the  bridge  (>»ec  Meter  observations)    310 

Normans  Kill.     {See  Schenectady.) 

North  Atlantic  route,  development  of  ocean  ships  of 132 

Northern  division,  Champlain  route  {see  Lake  Champlain;  Richelieu  and 
Chateaugay  rivers) : 

Alignment 438 

Borings 184,986 
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Northern  Division,  Champlain  route— Continued.  P^Ke. 

Bridges 439 

Crossings 434,438 

Estimates 76,439 

Location ..  ..   428 

Locks 7o,439 

Materials 75,437,969 

Profile  (plate  65) 438 

Report,  F.  P.  Davis,  Appendix  No.  U  (plate  44-48) 74, 425 

Surveys 427 

Water  supply 75 

Northern  plateau.  New  York.     {See  Black  River;  New  York.) 

Notable  elevations  of  routes  above  mean  tide  at  New  York 397. 828 

Notebooks,  precise  leveling,  index  page  for 1004 

Note  keeping,  precise  leveling 1002 

Note  plotting,  Tidal  Hudson 567 

Notes  {see  Field): 

Example  of  field 1002 

Plotting  field 337 

Reduction  of 337 

Observations.     (.See  Current;  Discharge;  Meter;  Piezometric. ) 

Ocean  ships  of  North  Atlantic  route,  development  of 132 

Cffice  of  the  Board  in  Detroit 40 

Office  reduction,  precise  leveling 1012 

Office  work: 

Oswego-Mohawk  route 510,511 

Schenectady-Normans  Kill  line 538 

Olcott.     ( See  Breakwaters,  Tonawanda. ) 

Olcott  Harbor 360 

Olcott  and  Oswego,  N.  Y. ,  computation  diag^ram  for  breakwater 216 

Olcott  and  Wilson  routes.  New  York  canals 34 

Olcott  to  Buffalo,  bench  marks 1037 

Oneida.     ( See  Lake. ) 

Oneida  and  Upper  Mohawk  watersheds,  precipitation 484 

Oneida  Creek,  discharge  curve  and  dam  section  (plate  110). 
Oneida  River: 

Bench  marks 1018 

Catchment  area .  .       577 

Oneida  watershed,  precipitation 480 

Ontario.     (See  Lake.) 

Open  navigation,  period  of 245 

Operating  machinery  of  lock  gates 146 

Electrical 146 

Operations  of— 

Lake  Erie  regulating  works .      293 

Locks,  power  for 348,359 

Waterways,  cost  of  maintenance  and 126,271 

Operations  of  board 40 

Orders  for  guidance  of  the  Board 328 

Ore.  future  traffic  in  iron 118 

Organization  («ee  Party),  field  parties 334,500 

Orj^anization  of  the  board 26 

Origin  for  levels. 429,1015 

Original  conditions 27 
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OrJskany;  Page. 

Gates  for  8()-foot  Iwk  (plates  72,  78). 
2()-foot  lift  locks  (plate  68). 
Oriakany  Crtek; 

Discharge  curve  and  (l»im  section,  Oriskany  (plate  116.) 

Run-off 586 

Oriskany  Creek.  Reeders  Mills,  discharfj;e  curve  and  dam  section  (plate  117). 

Orr,  Frederick 3:i9.r»71* 

Orwell.  Salmon  River,  discrharge  curve  and  dam  section  (plate  113). 

Oswego  (««' Breakwaters) .208.211,214,216 

Oswego,  gaage  readings .     . .   .  39y,  403 

Oswego  and  Olcott,  N.  Y. ,  computation  diagrams  for  breakwaters 216 

Oswego  Canal 32 

Oswego  Harbor,  plan  of  breakwaters  (figs. ) 216 

Oswego  line,  Minetto  to 462 

Oswego-Mohawk  route ..  60.61,<U3 

Alignment 94,454,472 

Alternative  lines 462 

Aqueducts 517 

Artificial  features 513 

Borings 507 

Bridges. .  66,454,471,548 

Canals,  existing 66 

('ost,  summary  of 561 

Oossings 243 

Dams 66,546 

Description 4-!3 

Diamond-drill  borings  (fig.) 963,981.986 

Eastern  division,  report  on,  D.  J.  Howell.  Appendix   No.    14  (plates 

25-3;J) .         500 

Elevations  above  mean  tide  at  New  York,  notable 397 

Estimates 68,446,455,472,550,561 

Excavation (>4 

Ferries 66 

Field  work 491 

Fulton  to  Peter  Scott's  swamp  line .  .        4(J4 

High-level  project ...  02 

Highways  and  railways 46  * 

Hydrography,  areas  of 512 

ice  season    245 

Level  work 392,502 

Line  through  Peter  Scott's  swamp 465 

Lines  surveyed _.      511 

Locks 66, 453, 4(M).  471. 547 

Low  level  project 63,94,468 

Material 962,9.)4 

Mapping.. 496 

Methods  of  work r.OO 

Minetto  to  Oswego  line 462 

Nisk  ay  una- Albany  line 53) 

Office  work     510,511 

Party  organization 500 

Physical  characteristics 60 

Prism 546,549 
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Oflwego-  Mohawk  route— Continued.  Pajje. 
Profile,  general  (plates  G2»  03). 

Railroad  changes .     .   .  .  - 65 

Rainfall 482 

Rightofway 468 

Sand  ridge,  crossing  !ine .     ..   465 

Schenectady-Cedar  Kill  line 536 

Schenectady-Normans  Kill  line   ... 537,548 

Sodusline 466 

Soundings 507 

Stadia  work 503 

Comparison  of,  with  baseline  work 505 

Surveys 41.487 

Thirty-foot  channel 545 

Time... 244 

Transit  work 500 

Triangulation 491 

Tributaries  to  feeder  line,  catchment  areas 578 

Twenty-one  foot  channel  .    .     548 

Water  supply  ( plate  93; 66,479,571 

Western  division,  report  on,  A.  J.  Himes,  Appendix  No.  13  (plates 

1H-24,C2) 443 

Oswego-Mohawk  and  Champlain  route,  comparison  of  waterways 244 

Oswego -Mohawk  summit  level,  Lake  Erie  as  a  source  of  supply 572 

O.swego  River: 

Benchmarks 1018 

Catchment  area 577 

Discharge  curve  and  dam  section,  Fulton  (plate  108). 

Flood  flow    793 

OHwego  River  basin: 

Land  and  water  surfac^e  evaporation 812 

Pondage  areas 794 

Oswego  route,  proper 511 

Aqueducts,  bridges,  and  ferries 517 

Canal  location 526 

Canals 66,513 

Comparison  of  waterways,  conditions  of 529 

Dams 514 

Field  notes  and  mapping 512 

Fieldwork 512 

High- water  marks 523 

Physical  characteristics 519 

Railroads 513 

Water  courses 523 

Outfit: 

Current  observations 301 

Diamond  drill 974 

Outlet  for  lake  fleet,  deep  waterways  an 127,273 

Outlets  and  inlets  of  culverts 145 

Outline  of — 

Board's  investigations 43 

Studies  for  lock  gates _ 148 

Various  styles  of  lock  gates 148 

Overflow,  relation  of  submerged  flow  to  free  weir 812 
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Palfrey,  Captain 34 

Pay  for  leveling,  Lelleinands  method  of  determining 1008 

Payment  of  Board's  vonchers 1045 

Payments,  methods  of  making  Board's 1044 

Parabolic  curves,  weights  of  lock  gates ^ 199 

Parties.     (-See  Field;  Instrnt  tions  to.) 
Party  organization: 

Champlaln  route  .     .   868 

Oswego-Moliawk  route 500 

Party  reports,  field   ..  .     338 

Party  work,  methods  of  field , ..     ...  334 

Passenger  service  {sec  Freight  and). 

Percolation,  loss  of  water  due  to 823 

Percolation  and  evaporation  losses,  Black  River  feeder  line 908 

Periodicals  referring  to  lock  gates 204 

Period  of  open  navigation .         245 

Permanency  of  Black  River  run-off 834 

Peter  Scott's  swamp,  Fulton  to 404 

Peter  Scott's  swamp,  lines  passing,  comparative  cost  of 405 

Photographs: 

Bf?aver  River 854 

Brown ville  Paper  Company's  mill 854 

Carthage  dam 854 

Huntingto.i  dam,  Watertown 854 

Lewis  dam.  Beaver  Falls S54 

Quartzite  outcrop,  Champlain 438 

Holton  Station,  New  York 438 

Rexford  Flats  dam 690 

Water-power  development,  Lyons  Falls 854 

Physical  characteristics  (see  Routes;  Divisions): 

Niagara  ship  canal 51 

Oswego  route  proi)er 60, 519 

St.  Lawrence-Chainplain  route 70 

Schenectady-Normans  Kill  line 539 

Piers  and  weirs  for  Lake  Erie  regulation 293 

Piezometric  ol)servations,  Cornell  experiments 672. 676 

Pin,  design  of  turning  post 994 

Pivot  of  lock  gate 195 

Pivots  and  hinges  of  lock  gates -  153 

Plane  surface  and  bearing  surface  of  miter  posts,  contact  of  i  fig.  i i57 

Plan: 

Board's  report 27 

Breakwaters,  Olcott  and  ( )s wego  (fig. ) 208, 215, 216 

Px)e  l(X*k  gate,  showing  method  of  measuring  deflections  (fig. ) 192 

Plans  for  regulation  of  Lake  Erie 282 

Plans  proposed  for  carrying  canal  across  Chateaugay  River 434 

Plates.     ( See  list  of  Contents. } 
Plotting: 

Field  notes 337 

Tidal  Hudson  notes 567 

Plunging  lock  gate 150 

Poe  lock  gate,  method  of  measuring  deflections  (fig. ) 192 

Poe  lock  gate  measurements,  report  on,  H.  Qoldmark 191 
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Poe  lock  gates: 

Deflections 175 

Measurements 191 

Wood  in,  elasticity  of 193 

Poe  lock  mitcT  posts: 

Modulus  of  elasticity 198 

Timber  compression    159 

Points  affecting  lift  of  locks 142 

Point,  turning,  precise  leveling 994 

Pol3-gon,  equilibrium,  lock  gates - 170 

Pondage  areas,  Oswego  River  Basin 794 

Pools  between  Tonawanda-Olcott  locks,  surface  regulation 259 

Pest.     (»S'e(?  Mite.;  Quoin.) 

Power  for  operating  locks,  Tonawanda-Olcott  route -..  ^59 

Power  to  overcome  friction  in  lock  gates 155 

Precipitation: 

Black  River  catchment  area . .  779 

(lenesee  River _ 782 

Hudson  River 782 

Catchment  area . 780 

Lakes  Huron-Michigan  basin . 275 

New  York. 699-773,815 

Relation  of  run-off  to 777 

Northern  plateau.  New  York,  Black  River  run-off  compared  with 776 

Oneida  and  Mohawk  watersheds  . . 480, 484 

Precise  leveling  {see  Detroit;  St.  Lawrence): 

Precise  level  rod,  self-reading,  D.  Molitor 994 

Precise  levels  {tfce  Detroit  River;  St.  Lawrence  River): 

Detroit  and  St.  Cla.r  River,  report,  O.  W.  Ferguson,  Appendix  No.  21 .  1009 

Hogansburg  to  Cape  Vincent,  D.  Molitor  . .  397 

•St.  Lawrence  River  and  Lake  St.  Clair,  report,  D.  Molitor,  Appendix 

No.  20 \m 

President  of  the  board ,  approval  of  accounts  by 328 

Pressure,  quoins 106 

Pressure  of  meeting  faces  of  miter-posts,  study  of  center  of 156, 157 

Pressure  on  lock  gates,  diagram .  169 

Prices,  unit-   ...... 47 

Prices  used  in  e^stimates.  special  water-supply  investigation 946 

Principal  causes  of  speed  reduction,  restricted  waterways 219 

Prisms  ( sec  Canal  > : 

Dimensions. . .   43 

Oswego-Mohawk  route 540, 549 

Probab.lity  of  flooils,  central  New  York 814 

Probable- 
Annual  traflic  of  waterways    140 

Benefits  from  establishment  of  deep  waterways  to  the  ocean     2GG 

Character  of  deep- waterways  freight . .  . 253 

Cost  of  diamond-drill  borings  by  contract 990 

Problem  of  relative  advantages,  assumptions  of  special 250 

Profile  (.sec  Routes*;  Divisions;  Plates  in  contents),  water  surfa<*e  Richelieu 

River(fig.). 822 

Profiles: 

Bazin's  experiments  on  irregular  weirs 010 

Diamond-drill  borings 958-073 
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Papo. 

Projection  of  f rame^ii  of  a  nnterinj^  lock  gate,  isometric 1 76 

Proiects: 

Black  River  water  power  and  manufacturing  .....   8*28 

New  York  canal 30 

Oswego-Mohawk  route 62,  (W 

Properties  usinij  Black  River  watf r  power,  value  of H43 

Property— 

Acountability  of  Board  governed  by  United  States  Army  Regulations.  3:33 

Damages,  Black  River  reservoir  . .     .    S43.8r»6.H64 

Proposed— 

Bridges.     (.S  e  Bridges. ) 

Location  of  Lake  Erie  regulating  wori.s .    .  :293 

Ship  canals.    ..   33 

Provisions  for  buoyancy  of  lock  gates 153 

Purchases  by  the  board 1045 

Quadrant  lock  gate . . 150 

(^uartzite  outcrop,  Cham  plain  and  Helton  Station,  New  York,  photogra]jh.s  438 

Quirk  and  Shanly  .       . 431 

Quoin,  fractional  resistance  in  lock 155 

(^uoin  post,  adopted  design  of  (.s^c  Lock  gates) .  154 

Quoin  posts: 

Bearing  pie<'ea  in,  steel 1 54, 163 

Design  of 154 

Material  of 154 

Surfaces 154 

Quoin  pressure 1 55 

Quoins,  metal .  155 

Rafter,  G.  W. ,  rejwrt,  special  water-supply  investigation ,  Appendix  No.  16 .  67, 571 
Railroads: 

Champlain  route ...  436 

Oswego-Mohawk  route .  65 

Oswego  route,  proper 466. 513 

Schenectady- Normans  Kill  rout« 538 

Railways: 

Advantages  of  the  waterway  over  the 268 

Rates,  influence  of  waterways  on 127,272 

Railways  and  waterways  compared 266 

Rainfall: 

Genesee  River 782 

Great  Lakes 274,277 

Hudson  River 7S2 

Lake  basins .     .  276 

Lake  Champlain 326 

Lake  Huron 275 

Lake  Michigan 275 

New  York  (plate  98)  {see  Precipitation). 

Oswego-Mohawk  route 482 

Randon-Btone— 

Breakwaters 210 

Method  of  constructing  breakwaters 212 

Randon-stone  and  crib  breakwaters,  comparative  cost  of 211 

Rapidity  of  work,  precise  leveling  ..   .. 1006 

Rate  of  progress,  precise  leveling 1012 
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Rates,  waterway  influence  on  railway _  127,  li73 

Rating  current  meters 302, 30  5, 304 

Summary 304,305 

Ratio  between  length  and  draft  of  ships 132 

Raymond,  Lieut.  Col.  C.  W.,  rei)orts  on — 

Breakwaters,  Appendix  No.  3 . .   208 

Relative  advantages  of  the  waterways,  Appendix  No.  5,  part  2 247 

Readings  (wf'  Gauge;  Rod),  piezome trie;  Cornell  weir  experiments       .   .        072 
Reading  with  eccentric  bubble  to  central  bubble,  table  to  correct  any  rod.       1014 

Recapitulation  of  instrument  factors,  precise  leveling  _. U14 

Receipts  and  vouchers  of  the  board    .     332.1046 

Receiving  weirs,  Champlain  route 432 

Recommendations  of  Deep  Waterways  Commission  of  181)6 26 

Reconnoissance 334 

Niagara  ship  canal 241 

Special  water-supply  investigation 572 

Recording  device,  current  meters  and 301 

Records,  precipitation 692-773 

Reduction,  finishing  field  sheets  and .,, 337 

Reduction  curves,  Cornell  weir  experiments  (plate  136). 
Reduction  of — 

Cornell  weir  experiments 672 

( 'urrent-meter  observations,  coefficients  for . .      312 

Discharge  measurements 317 

Field  notes  and  map  work,  Oswego  route  proper 512 

Meter  observations 311 

Notes 337 

Ships'  speed  at  meeting  points 228 

Ships'  speed  from  curves 231. 232 

Speed  in  restricted  waterways,  principal  causes  of 219 

Reeders  Mills,  Oriskany  Creek,  discharge  curve  and  dam  section  (plate  117). 

Reel  for  current  observations. 301 

Rei erences  to  authorities  on  lock  gates 200 

Regularity  of  waterways  service 127, 272 

Regulating  works.     {See  Lake  Champlain,  Lake  Erie.) 

Rej;ulation  (hco  Regulating  works),  lake  levels 42 

Rej;ulation  governing  Board's  money  and  i)roperty  accountability 333 

Reimbursement  vouchers  used  by  Board 1044 

Relation  of — 

Hudson  River  to  meteorology  and  tides  at  Albany,  diagram  of  ( plate  1 00) . 

Run-off  to  precipitation _ ...       777 

Submerged  weir  flow  to  free  overfall  flow 812 

Relative  advantages: 

Adaptability  to  traffic  conditions 126,272 

Assumptions  of  special  problem  of 250 

Character  of  transportation  lines 120. 266 

Comparison  of  the  waterways 260 

Construction . .  125,271 

Data  for  comparison J54 

Direct 115,247 

Indirect ..  .  115,262 

Lake  traffic 117,262 

Maintenance 126,871 
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Re'ative  advantages— Continnetl.  Pa^. 

Operation 126,271 

Railwayrates 127,272 

Regnlarity  of  service 127,272 

Report,  Lie;it.  Colonel  Raymond,  Appendix  No.  5  (part  2) 2 17 

Shipbuilding, effect  on 1 27, 273 

Speed 126,272 

Stu^y  of,  conclusions 128, 273 

Traffic  capacity  126,272 

Transport  proper 126,272 

Type  carriers 123,252 

Relative  values.  Tonawanda-Olcott  and  Lasalle-Lewiston  routes 59 

Reports; 

Board's,  plan  of 27 

Breakwaters,  Lieut.  Colonel  Raymond,  Appendix  No.  3 208 

Champlain  route,  northern  division,  F.  P.  Davis,  Ap^  endix  No.  12 425 

Champlain  route,  St.  Lawrence  division,  J.  W.  Bear d si ey,  .Appendix 

No.  11 3j8 

Character  of  materials,  introduction  to,  G.  Y.  Wisner,  Appendix  No.  18_      957 
Comparison  of  waterways,  G.  Y.  Wisner,  Appendix  No.  5  (part  1)    -..      235 

Diamond-drill  borings,  R.  C.  Smith,  Appendix  No.  19 974 

Lake  Chami)lain,  regulation  of,  G.  Y.  Wisner,  Appenuix  No.  8 321 

Lake  channels,  A.  J,  Swift,  Appendix  No.  17 951 

Lake  Erie,  regulation  of,  G.  Y.  Wisner,  Appendix  No.  0 273 

Locks.  A.  Noble,  Api>endix  No.  1 . 129 

Lock  gates,  S.  H.  Woodard,  Appendix  No.  2 148 

Niagara  River  discharge,  C.  B.  Stewart,  Api>endix  No.  7      .    .  298 

Niagara  route;  Champlain  route  (Hudson  River  division  > :  flood  meas- 
urements of  Mohawk  River;  levels  from  Hudson  Ri\e:*  to  Lake  On- 
tario: C.  L.  Harrison,  Appendix  No.  10  .. . 338 

Oswego-Mohawk  route,  eastern  division,  D.  .J.  Howell.  Appendix  No.  14.      500 
Oswego- Mohawk  route,  western  division.  A.  J.  Himes.  Apjiendix  No.  13_      443 
Precise  levels  along  Detroit  and  St.  Clair  rivers,  O.  W.  Ferguson,  Ap- 
pendix No.  21 1009 

Precise  levels  along  St.  Lawrence  River  and  Lake  St.  Clair.  David  Moli- 

tor.  Appendix  No.  20  ... 991 

Poe  lock-gate  measurements.  H.  Goldmark.  assistant  eufjiiieer 191 

Relative  advantages,  Lieut.  Col.  C.  W.  Raymond,  Appendix   No.    5 

(part  2) 247 

Secretary  of  the  board.  Appendix  No.  23 1043 

Special  water-supply  investigation,  G.  W.  Rafter,  C.  E. ,  Appendix  No.  10 .      571 

Speed  of  ships.  A.  Noble,  Appendix  No.  4 21f5 

Tidal  Huds  n,  H.  F.  Dose,  Appendix  No.  15 502 

Reiorts,  field  parties 338 

Reservoirs: 

Black  River 573,864,868,869,870,895 

Black  River  and  Salmon  River 912 

Mohawk-Susiuehanna  divide 825 

Mount  Hope,  Rochester,  N.  Y 586 

NewYor: ...  824,825 

Salmon  River 873,877,878,915 

Resist.TK'e,  retardation  of  ship  Bfpeed  from  end 222 

Resistance  in  lock  quoin,  f rictional 155 

Resistance  to  ship's  motion.  Weisbach's  formula. 222 

Responsibility  for  property  of  the  Board 333 


INDEX.  1099 

Restricted  waterways:  Page. 

Movements  of  large  ships  in 218 

Speed  of  ships  in  (fig.) 219,231 

Steering,  difficulty  of      .. 225 

Results: 

Comparison  of  canal  routes  surveyed 116 

Come'l  weir  experiments  .   078 

Diamond-drill  borings 958-973 

Levels  run  from  Greenbush  to  Lake  Ontario 3D2 

Meter  ratings 304 

Oswego- Mohawk  route.     500 

Stadia  work.  Hudson  River  division 372 

Resume  of  Bazins  experiments 653, 654, 656, 657 

Retaining  walls,  Lasalle-Lewiston  route _.  347 

Retardation  of  ship  speed: 

Backflow 221 

End  resistance 222 

Shoal  water 220 

Return  for  standard  waterway,  constants  of 257 

Rexford  Flats: 

Dam  (photograph) 690 

Discharge  curve  and  dam  section  (plate  125). 

Flood  flow,  Mohawk  River .  H03 

Rhodes,  C 793 

Richelieu  River: 

Discharge,  profile  of  water  (fig.) 322 

Fall 322 

Gauging 431 

Slopes :322 

Ridge  Mills,  N.  Y.,  Upper  Mohawk  discharge  curve  and  dam  section 

(plate  114). 
Right  of  way: 

Champlain  route 1 388 

Oswego-Mohawk  route    w  468 

Rings,  ine<iuality  of  telescope 1013 

Ripley,  Joseph ,-. 128 

Ri8e  and  stage  of  Lake  Ontario 278 

Rise  and  supply  to  Lake  Erie,  annual 287 

Rise  of  sill  for  lock  gates . .  152 

River.     {SeeBl&ck;  Chateaugay;  Chazy;  Detroit:  English:  Hudson;  Moose; 
Richelieu;  St. Clair;  St. Lawrence;  St.  Marys.) 

Rochester  waterworks  evaporation  observations : 480, 586 

Rock,  Champlain  route 437 

Rod  (sec  Detroit;  St.  Lawrence) ,  improved  level  (fig. ) 502 

Rod  readings,  correction  of.  precise  leveling 1014 

Rod  readings  with  eccentric  bubble  to  central  bubble;  table  to  correct  any.  1014 

Rods,  precise  leveling 1013 

Rods,  standard  length  of  1  meter  on .   1014 

Rohnert,  B 191 

Rollers  for  lock  gates 152 

Rome,  location  of  line  near 452 

Route  {see  Waterways;  Canals;  Channels): 

Champlain 368,398,425 

Lasalle-Lewiston .  53,339,343 

Niagara   50,338 
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Route— Continued.  Page. 

Oflwego-Mohawk 60,443,r)(K) 

St.  Lawrence-Champlain 70. 808,  :}08. 405 

Tonawanda-Olcott r>ij,  3:^9. 855 

Route  for  ships  of  war,  deep  waterways . .   127, 27:j 

Kout**8  and  methods,  diamond-drill  borings 958. 973 

Routes  compared,  deep  waterways     116.245 

Root.  E.,  Secretary  of  War 128 

Rubidge.  T.  S  .. 128,399.425 

Rules  for  regulation  of  Lake  Erie .   288 

Run-off: 

Black  River  (plates  101. 103, 104. 105). 

Black  River,  permanency  of  _ 834 

Black  River  feeder  tributaries    5S4,585 

Black  River  and  Hudson  River  (plate  102). 

Genesee  River 58;J,  585, 782 

Hudson  River -.        782 

Hudson  River  at  Mechanicville ..  5S4.585 

Lai: e  Huron 2^5 

Lake  Michigan 275 

New  York,  relation  of.  to  precipitation . . .     777 

New  York,  northern  plateau;  compared  with  precipitation .  776 

New  York  streams 579,586,599 

Nine-Mile  Creek 586 

Oriskauy  Creek v.       586 

Oswego- Mohawk  route .  _ 482 

Six-Mile  Creek.  Beaver  Brook,  Canada  Oeek,  Wood  Creek.  Sa<{uo.t.antl 

Oriskany  creeks 586 

Upper  Mohawk  and  Nine- Mile  Creek 586 

Run  off  between  Genesee  and  Hudson  rivers,  data,  mean 585 

Run-off  diagram.  Hudson  and  Genesee  rivers  (plate  139). 

Run-offs.  Black  and  Hudson  rivers,  comparative 777 

Russell.J.E 34 

Sailing  time : 

Champlain  route 103 

Chicago  to  Buffalo 92 

Dulnth  to  Buffalo 89 

Lasalle-Lewiston  route 92 

Oswego- Mohawk  route 94 

St.  Clair.     (.Sec  Lake.) 

St.  Clair  Flats S4 

St.  Clair  Flats  Canal : 

Ooss  se<*tion .       239 

Kail  of  water  surface _ . .       280 

Ship  speed  in .      226 

St.  Clair  River  (p:ates  6-13) 37 

Benchmarks  .   . 1039 

Depth,  cross  section  .   280 

Discharge 274,277 

Elevation   _ _ 952 

Gorge 37 

Improvement  estimate 953 

Precise  levels,  report  on,  O.  W.  Ferjfuson.  Appendix  No.  21 1009 

Slopes 42 
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St  Clair  River— Continued.  Page. 

Water  surface,  fall  of 280 

Pro.ileof  (plate  H8). 

St.  Clair  and  Detroit  riverK,  profiles  of  i^ater  surface  (plate  82). 

St.  Francis.     (.SVeLake.) 

St.  John's  miter  sill  elevation 429 

St.  Lawrence-Champlain  ronte.     ( See  Champlain  ronte. ) 

Hudson  River  division ..  77,368 

Northern  division 74,425 

St.  Lawrence  division 70,898 

Surveysof 42,427 

St  Lawrence  division  {plat«834-43) 70 

CI  assiticati on  of  channel 424 

Elevations ..        404 

Estimates  of  cost 73,400,407 

Field  work 398 

Gauges ...  398,400-404 

Ice  jams 401,404 

Locks 404,423 

Materials ...  78,405,967 

Profile,  general  (plate  (M). 

Report.  .T.  W. Beardsley,  Api)endix  No.ll 398 

Stages 399 

Summary  of  quantities  and  cost 420 

Topo^j^raphy 405 

St.  Lawrence  River  {see  St  Lawrence  division): 

Benchmarks 1029 

Canal  system 35 

Discharge 42 

Gauges,  Canadian 400 

Lake  Erie  regulation,  effectof 49,277 

Lake  Ontirio  compared  with  stages  of 400 

Slopes   42,1008 

Stages,  high  and  low 399 

St.  Lawrence  River  and  Lake  Champlain,  country  between 426 

St.  Lawrence  River  and  Lake  St.  Clair,  precise  leveling: 

Benchmarks 995 

Closures  for  all  accepted  work 1006 

Cost  of    1007 

Description 992 

Error,  sources  of 995 

Instrument  constants 999 

Instruments  992 

Methods 1000 

Notebooks,  index  page  for  .  1004 

Note-keeping,  system  of 1002 

Report,  David  Molitor,  Appendix  No.  20 991 

Work,  rapidity  of 1006 

Btatisticsof 1005 

St  Lawrence  River  at  Canadian  locks,  gauge  readings 401 

St  Marys  Falls  canal: 

Canadian  locks 129 

Delays 141 

Estimates,  lock 955 

Lockage 129,  136 
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St.  Marys  Falls  canal— Continued.  Page. 

Weitzellock 136 

West-bound  and  east-bound  freight 134 

St.  Marys  Falls  canal  and  St.  Marys  River  (plates  2-5). 

St.  Marys  River  ( we;  Saul t  Ste.  Marie,  Mich.) 38,  85 

Fall 38 

Improvement  estimates 953 

Ship  speed  in 227 

Surface  elevations 952 

Width  and  depth  of  channels 953 

St.  Marys  River  and  St  Marys  Falls  canal  (plates  2-5). 

St.  Regis,  Canada,  to  Hogsnsburg,  N.  Y. ,  bench  marks 1029 

St.  Stanislas,  Canada,  to  Hogansburg.  N.  Y.,  bench  marks .  1028 

Salaries 1049 

Salmon  River: 

Discharge  curve  and  dam  section,  Orwell  (plate  113). 

F]oodt!ow 796 

Reservoir.    .   873,877,878,915 

Sa'  mon  and  Black  River  reservoirs,  estimated  cost  of  construction 912 

Sand: 

Cbamplain  route 438 

Excavation     958 

Sand  Ridge  crossing  line,  (^wego-Mohawk  route 465 

Sault  Ste.  Marie.  Mich,  {ite**  Lock  gates;  St.  Marys  River:  St.  Marys  Falls 
canal ) : 

Locks 958 

Thirty-foot  channel,  lock  and  approaches  at 955. 956 

Tonnage  passing 39 

Sauiiuoit  Creek,  New  York  mills,  discharge  curve  and  dam  section  (plate  118). 

Sauquoit  Creek  run-off 586 

Schene(;tady-Cedar  Kill  line.  Oswego- Mohawk  route 536 

Schenectady-Normans  Kill  line,  Oswego-Mohawk  route 537 

Artificial  features .  538 

Canal  location 543 

Crossings,  highway 539 

Dams 538 

Excavation 539 

Fieldwork    537 

Ili^hwater  marks 542 

Material 539 

Office  work 538 

Railroads 538 

Watercourses 542 

Scholiarie  Creek,  discharge  curve  and  dam  section.  Fort  Hunter  (plate  124)  _ 

Schoharie  Creek  dam.  New  York,  method  of  computing  discharge  for 045 

Schott,C.A  _ 996 

Sears,  Maj.  C.  B 255 

Second  group,  Bazin's  weir  experiments 018,648 

Section.     (.See  Cross:  Ehscharge.) 

Section  of  lower  gate  for  80-foot  lock  (fig.) 186 

Sections,  canal  prisms  for  21  -foot  and  30-foot  waterways  ( figs. ). 43 

Secretary  of  the  Board: 

Appointment  of 26,104^J 

As  disbursing  officer 328 

Bond 1043 
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Secretary  of  the  Board— Continued.  P&ge. 

Report  of,  Appendix  No.  33... 1043 

Services  of ,  acknowledgment  of 128 

Secretary  of  War,  instractions  for  guidance  of  the  Board 328 

Selection  of  discharge  observation  limits,  Niagara  River 320 

h' election  of  employees 1045 

Self-reading  pre-jise  level  rod  designed  by  D.  Molitor 884 

Seneca  River: 

Discharge  curve  and  dam  section  (plate  107). 

Floodflow ...  793 

Service  of  waterways,  regularity  of... 127,272 

Service  act.  Civil 1045 

Services,  acknowledgment  of  si)ecial  (see  Employees) 128 

Seventy-foot  lock,  diagram  of  girder  weights  of  gates  (plate  77). 
Seventy- foot  lock  gates,  table  of  girder  weights  (plate  76). 
Shakers.    ( See  Niskayuna- Albany . ) 

Shale  excavations t 958 

Shanly&  Quirk u 431 

Sharp-crested  weirs 660 

Bazin's  experiments _ 650 

Formula  for 608 

Sheathing  of  lock  gates 153,173,191 

Sheets,  field. 337 

Shenehon.  F.  C .  ..  299 

Ship,  largest  on  the  Great  Lakes 133 

Shipbuilding.  Great  Lakes 127,133,273 

Ship  canal  (see  Canals) ,  dimensions  for  minimum  transportation  rate  239 

Ship  canals,  proposed. . _ . 33 

Ships  (see  Large;  Ocean;  Size  of): 

Capacity  of  lock  system  required  for 134 

Relation  of  economy  to  ratio  between  length  and  draft  of    132 

Ship's  motion,  resistance  to ..  222 

Shi;)  speed.     ( See  Speed  of  ships.  \ 

Ship  speed  and  dimensions  of  waterways _ 217 

Ships  considered  in  report  on  ship  speeds,  type  of 218, 231, 232 

Shii)sin  restricted  waterways,  speed  of  (fig.) 231 

Ships  of  war;  deep  waterways  a  lonte  for. _ 127,273 

Ships  that  will  require  lockage,  size  of 132 

Shoal.  Grosse  Point 37 

Shoals: 

Foot  of  Lake  Huron 37 

Lake  Michigan 37 

Shoal  watier,  ship  speed  retarded  by 220 

Sill  contact  of  lock  gates 196 

Sill  for  lock  gates 152 

Single-leaf  lock  gate  . 150 

Single  lockage,  advantages  of 131 

Siphons,  Champlain  route 436 

Site.  Champlain  regulating  works  (plate  91). 

Six-Mile  Creek  run-off 586 

Sixty- foot  lock: 

Diagram  of  girder  weights  of  gates  (plate  77). 

Lower  gate  (plate  71 ). 

Table  of  girder  weights  (plate  75). 

Upper  gate  (plate  70). 
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Size  of  ships  for  freight,  and  for  freight  and  passenger  service,  compared..  131 

Slate  excavation .         958 

Sliding  lock  fciate 150 

Slope  observations: 

LakeSt.  Clair 10()9 

St.  Lawren.e  River 1008 

Slopes  (wr  Elevations:  Fa!!): 

Detroit  River 42 

Lake  channels 95  J 

Lake  Hnron  to  Lake  Erie     .-. 279 

Lake  St.  Clair 1009 

Lasalle-Lewiston  route 847 

Richelieu  River .  322 

St.  Clair  River 42 

St.  Lawrence  River. 42 

Slopes  of  channels,  limited  speed  to  avoid  injury  of 22;^ 

Slope  walls,  Lasalle-Lewiston  route 347 

Sluice  gates.  Lake  Erie  regulating  works: 
Counterweights  (plate  86). 
GJear,  hoisting  (plate  87). 

Stoney  type  of 293 

Sluices: 

Champiain  route 436 

Lake  Champiain  regulating  works 327 

Sluices  and  dams  of  deep  waterways 45 

Smith, CecilB 431 

Smith.  R.  C,  report,  diamond-drill  borings,  Appendix  No.  19 974 

Sodus  line,  Oswego-Mohawk  route 466 

Soundings: 

Lake  channels 951 

(Oswego-Mohawk  route 507 

Tidal  Hudson 565 

Soundings  and  borings  in  lake  channels,  authorities  for 951 

Source  of— 

Error,  precise  leveling,  atmospheric  effects 998 

Materials,  New  York  summit  level  water  supply  feeders 944 

Sources  of — 

Error,  precise  leveling 9:)5 

Water  supply,  Oswego-Mohawk  route 571 

Special — 

Acknowle<lgments  (see  Employees) 128 

Investigations  by  members  of  the  board 40,47 

Mention  of  James  Brace WiS 

Monographs  on  lock  gates 203 

Problem  of  relative  advantages,  assumptions  of 250 

Special  water  supply  investigation  report,  G.  W.  Rafter.  C.  E,,  Appen<lix 

No.  16  (»€€  Water  supply  investigation) 571 

Species  of  naijpes,  classification  of  different 658 

Speed  of  ships 43,126,216,227 

Amsterdam  Canal 224 

Back  flow,  reduction  by 221 

Curves  reducing 23) 

Kiel  Canal 224 

Limit  of,  to  avoid  injury  to  channel  slopes 223 
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Speed  of  ships— Con  tinned. 

Manchester  Canal 224 

Meeting  points,  reduction  at 228 

Reduced  by  difl&culty  of  steering  in  restricted  waterway 225 

Reduction  of  speed  in,  principal  causes 219 

Rej)ort  on,  A.  Noble  (Appendix  No.  4) 216 

Retardation 220-221 

St.  Clair  Flats  Canal 226 

St.  Marys  River 227 

Selected  ships,  in  30-foot  and  21-foot  waterways 231 ,  232 

Shoal  water,  reduction  by 220 

Slox)es  of  channel,  avoidance  of  injury  to 223 

Study  of  summary,  value  of  results  of 233,234 

SuezCanal 223 

Type  of  ship  considered  in  study  of 218 

Waterway  dimensions 217 

Stability  of  the  channel,  Hudson  River  division 80, 385 

Stadia  and  base  line  work,  Oswego- Mohawk  route,  eastern  division,  compari- 
son of 505 

Stadia  work: 

Budson  River  division 372 

Methods  of 336 

Oswego-Mohawk  route _ 503 

Stage  of  Lake  Erie,  minimum 289 

Stage  and  rise.  Lake  Ontario 278 

Stages  of— 

Lake  Erie,  slope  of  Niagara  River  for  different 290 

Lake  Ontario,  compared  with  stages  of  St.  Lawrence  River 400 

Standard  for  lock  gates,  mitering  lock  gate  the 151 

Standard— 

Length  of  1  meter  on  rods 1014 

Sections  of  canal  prisms  for  21-foot  and  30-foot  waterways  (figs)..  43, 217,441 

State  dam  at  Troy  .. 563,569 

State  of  BlackRiver  reservoir,  New  York 869,870 

State  reservoirs.  New  York... 824,825 

Stations,  New  York  gauging 587,591 

Statistics  of— 

City  of  Watertown,  economic 839 

Watertown  and  Lockport  compared,  economic . .       840 

Work,  precise  leveling,  St.  Lawrence  and  Lake  St.  Clair 1005 

Steamship.     {Sve  Ships. ) 

Stearns  and  Fteley 589,606,674,675,812 

Steckel,  R 429 

Steel  bearing  pieces  in  quoin  and  miter  posts 163 

Steel  lock-gate  deflections,  analysis,  H.  Goldmark 1 94 

Steel  lock  gates  _ 146,152 

Large,  behavior  of _ 191 

Wood  and .    .     . . 151 

Steel  lock  gates  probably  better  than  wooden  gates 153 

Steel  Poe  lock  gates: 

Deflections 175 

Measurements 191 

Steering  of  ships,  restricted  waterways 225 

il.  Doc.  141) 70 
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Stewart,  C.  B. .  report,  Niagara  River  discharge,  Appendix  No.  7 298 

Stiffness  of  lock  gates 174 

Stoney  type  of  sluice  gates.  Lake  Erie  regnlation 293 

Storage: 

Lake,  water . .  274 

Lake  Erie,  maximum 288 

Lakes  Michigan  and  Huron,  maximum 280 

Lake  Superior 274 

Storage  and  supply  to  Lake  Champlain,  monthly  mean 825 

Streams: 

Central  and  eastern  New  York,  gauging  of 586 

Lasalle-Lewiston  route 54. 349 

New  York,  miscellaneous — 

Elevations  .  798 

Run-off 579,586,789,790 

Streams  tributary  to- 
Black  River  feeder,  water  power  of 856 

Feeder  1  ine,  Oswego-Mohawk  route;  catchment  areas 578 

Strengthening  of  hinge  of  lock  gates 153 

Stresses  and  deflections  in  beams  (figs.).   180 

Stresses  in  girders,  diagrams 171 

Structures: 

Dimensions  of 44 

Hudson  River  division 80 

Lake  Erie  regulation 42, 293 

Tonawanda-Olcott  route     57 

Studies  for  lock  gates,  outline  of 148 

Study  of— 

Center  of  pressure  of  meeting  of  miter-post  faces 1 56 

Lake  Erie  regulation,  conclusions  of . .  297 

Lock  gate  types 150 

Oswego-Mohawk  route  water  supply,  by  Q.  W.  Rafter 67 

Relative  advantages 247 

Ships' speed 216 

Styles  of  lock  gates,  outline  of  various 148 

Submerged— 

Area,  Black  River  reservoir 869 

Weir  flow  and  free  overflow,  relation 812 

Submergence,  effect  of  weir,  in  increasing  or  decTeasing  discharge 810, 811 

Substructure  of  breakwaters,  Oswego  and  Olcott 212 

Suez  Canal,  speed  of  ships  in 223 

Sullivan  Machinery  Company's  diamond-drill  outfit 974 

Summary  of — 

'^'ost  of  divisions ,.- 113,114 

Procipitation  records  at  New  York  meteorological  stations .  773 

Summary  and  comparison  of  meter  ratings  .     305 

Sunmiit  level,  New  York.     iStc  Water  supply  investigation.; 

Summit  level ,  Oswejro-Mohawk;  Lake  Erie  as  a  source  of  supply  for 572 

Sundry  civil  act,  1S97... 25 

Superior.     (Srr  Lake  Superior. ) 

Sui)erstructure  and  masonry,  Lake  Erie  regulating  works  (plate  85). 

Superstructnr  .'  of  broalc waters.  Oswei^o  and  Olcott 213 

Supply.     I  Sec  Water. ) 

Sapi)ort  of  lock  gates  by  air  chambers 152 
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Surface.     ( See  Water. ) 
Surface  elevations  (.^^e  Elevations;  Fall;  Slope): 

Lake  Erie  to  Lake  Huron 953 

St.  Marys  River 953 

Surface  evaporation  in  Oswego  River  basin;  land  and  water. 813 

Surface  regulation  in  pools  between  locks;  Tonawanda-Olcott  route 359 

Surfaces  of — 

Great  Lakes,  area 376 

Quoin  posts,  bearing 154 

Survey  methods  (see  Instructions): 

Tidal  Hudson 564 

Tonawanda-Olcott  and  Lasalle-Lewiston  routes 340 

Surveyed  line  through — 

Lake  Champlain _ 428 

Lake  St.  Francis... 438 

Surveys  («ee  Routes;  Divisions): 

Champlain  route 437 

Foot  of  Lake  Erie  and  head  of  Niagara  River 43 

Hudson  River  division 42, 369 

New  York  canals,  proposed 33,340 

Niagara  ship  canal 41, 53 

Oswego-Mohawk  route 41, 487, 511 

St.  Lawrence- Champlain  route 43 

Special  water  supply  {see  Water  supply  investigation) 575 

Surveys  and  examinations  of  Niagara  ship  canal,  former 53 

Surveys  to  Lake  St.  Francis ..   . 43 

Susi)ension .     ( See  Chain. ) 

Susquehanna-Mohawk  divide,  water  supply  from  New  York  State  reser- 
voirs on 825 

Sweet,  E 33 

Swift,  A.  J. ,  report,  lake  channels,  Appendix  No.  17 951 

Swinging  lock  gate,  single  leaf 150 

Symons,  Maj.  T.  W 34,340 

System  of— 

Canals.     (*S'ec  New  York;  Canadian;  Locks.) 

Note-keeping,  precise  leveling 1002 

Table  of  distances,  Buffalo  to  New  York 244 

Table  of  girder  weights,  lock  gates: 
Seventy-foot  (plate  76), 
Sixty-foot  (plate  75). 

Table  showing  state  of  Black  River  reservoir . .    .  895 

Tables  of  reductions  of  discharge  measurements 317 

Table  to  correct  any  rod  reading  with  eccentric  bubble  to  central  bubble, 

precise  leveling.  -   ......_ -     1014 

Table  to  find  correction  for  inclination  of  level  tube,  precise  leveling  _ 1013 

Tabulated  results  of  Cornell  weir  experiments 678 

Talcott.R.H _.    504,571» 

Telescope  rings,  inequality  of,  precise  leveling _      1013 

Temperature,  effect  on  miter  contact  of  lock  gates 158 

Third  group,  Bazin's  weir  experiments 629, 649 

Thirty-foot  channels  (see  Divisions:   Estimates;   Routes;  Relative  advan- 
tages; Twenty-one  foot): 

Excavation  and  construction . .   . .       113 

Lake  Erie  to  Lake  Huron,  estimates 954, 955 
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Thirty-foot  channels— Continued. 

Lake  Huron  to  Lake  Superior,  estimates 954,956 

Lockage  capacity 139 

Lock  and  approaches  at  Sault  Ste.  Marie,  Mich 955, 956 

Thirty-six -inch  new  American  turbine,  discharge  curve  (plate  106). 

Thrust  at  miter  post,  lock  gate 159 

Tidal  Hudson 81 

Alignment 567 

Borings 566 

Bridges 568 

Channel  widths 567 

Cross  section 568 

Estimates 570 

Excavation 569 

Levels 565 

Low  water 563 

Material    569 

Note  plotting. 567 

Plotting 567 

Profile  (plate  67). 

Report  on,  H.  F.  Dose,  assistant  engineer.  Appendix  No.  15 562 

Soundings - 565 

Surveys 564 

Tides 564 

Troy  dam 563.569 

Waste  material 569 

Tidal  Hudson  division  and  Champlain  route  (plates  56-59). 

Tidal  locks,  sliding  gate  for 150 

Tides,  tidal  Hudson 564 

Tides  and  meteorology  at  Albany,  Hudson  River,  relation  of  (plate  100). 

Tide  water,  summary  of  cost  of  deep  waterway  divisions: 

Chicago  to 114 

Dnluthto 113 

Timber-bearing  faces  of  miter  posts,  laws  of  Intensity  of  pressure 156, 163 

Timber  compression  of  Poe  lock  miter  posts,  measurements  of 159 

Time  {see  Sailing)— 

For  lockage  at  St.  Marys  Falls  Canal 136 

Of  transit,  deep  waterways   _        36 

Recjuired  in  lockage,  formula  for 137 

Required  to  fill  or  empty  a  lock : 146 

Tonawanda-Olcott  route  (plates  16,  17, 61)  _ 56 

B-line 360 

Borings  of 350 

Bridges 364 

Crossings 363 

Diamond-drill  borings  (fig.  961) 356,976,985 

Estimates  of  cost 58, 365 

Grades  and  locks 858,365 

Materials  to  be  excavated 57, 960 

Power  for  oi)erating  locks 359 

Profile  (plate  01). 

Report  ou,  by  C.  L.  Harrison,  Appendix  No.  10  339,355 

Structures 57 

Survey  methods  - . 340 

Water-surface  regulation  in  pools  between  locks 359 
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Tonawanda-Olcott  and  Lasalle-Lewistoii  routes,  relative  values  of 59 

Tonawanda  to  Niagara  Falls,  bench  marks .  1038 

Tonnage  passing  Sault  Ste.  Marie,  Mich.,  and  Ontario,  diagram  showing  . .        39 

Topography: 

Instructions  for  noting 335 

St.  Lawrence  division 405 

Town-house  Corners.     ( See  Niskay una-Albany. ) 

Traffic: 

Capacity  of  waterways 126,272 

Coal,  future  .. . 205 

Conditions,  adaptability  of  deep  waterways  to 126, 272 

Deep  waterways,  probable  annual 140 

Future  development  of  lake 118,120,263,265 

Grain,  future 264,265 

Lake 117,262,  265 

Lumber,  future 265 

Volume,  constants  of  deep  waterways 255 

Weitzellock 136 

Transactions  of  engineering  societies  referring  to  lock  gates 204 

Transit- 
Lines 335 

Time,  deep  waterways 45 

Work,  Oswego-Mohawk  route.. 500 

Transport- 
Constants  of  deep  waterways 256 

Proper,  cost  of  deep  waterways 126,  272 

Transportation: 

General  considerations  relating  to  lines  of 247 

Lines,  characteristics  of 120,  266 

Minimum  rate,  dimensions  of  ship  canal  for 239 

Transverse  curves: 

Meter  observations 309 

Niagara  River  discharge  observations ..       811 

Trautwine.  J.  C,  jr 607 

Traveling  expenses  of  Board's  employees 329 

Treasury  and  War  Department  instructions  to  disbursing  officers 333 

Tri  angulation: 

New  York-. .  501 

Oswego-Mohawk  route .      491 

Tributaries: 

Black  River,  floods  on  . 805 

Deep  waterways  in  New  York,  gauging  of 586 

Tributary  streams: 

Run-off,  Black  River  feeder 584,585 

New  York  summit-level  feeder  line,  catchment  areas  of 578 

Trout  Brook: 

Black  River  feeder  tributaries  run-off,  north  of 584 

Streams  south  thereof,  Black  River  feeder  tributaries  run -off 585 

Troy: 

Lake  Champlain  to  Hudson  River 368 

Levels  from  Crown  Point  Light-house  to 394 

To  Greenbush,  N.  Y.,  bench  marks  .  .„* 1017 

Dam,  tidal  Hudson 563,569 

Tumble  lock  gate 150 
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Tunnel  Line,  New  York  summit-level  water  supply  (plate  141) 939 

Tunnell,  Prof.  G.  S 119,265 

Turbine  discharge  curve,  36  inch  new  American  (plate  106). 

Turning  point  used  m  precise  leveling 994 

Twenty- foot  lift  locks,  Oriskany  (plate  68). 

Twenty-one  foot  channel  (see  Divisions;  Estimates;  Relative  advantages; 
Routes;  Thirty-foot): 

Champlain  route 103 

Chicago  to  Buffalo 92 

Duluth  to  Buffalo 89 

Excavation  and  construction 113 

Lake  Erie  to  Lake  Huron,  estimates 953, 954 

Lake  Huron  to  Lake  Superior,  estimates 953,954 

Lasalle-Lewiston  route .  92 

Lockage  capacity 1 35 

Oswego-Mohawk  route 94, 548, 561 

Twenty-one  foot  channel  preferred 128 

Twenty- one  foot  and  30-foot  waterways,  relative  advantages 114 

Type  carriers _ 252 

Kirby's 218,252,253 

Tyi)es  of — 

Frames  of  lock  gates 166 

Lock  gates 150 

Ships  considered  in  report  on  ship  speeds 218 

Sluice  gates  for  Lake  Erie  regulation.  Stoney    - 293 

Type-vessel  estimates,  Kirby's..   218,252,253 

United  States  (nee  Deep  Waterways  Board): 

Coast  and  Geological  Surveys 128 

Deep  Waterways  Commission,  1896 428,430 

Unit  prices  of  Board's  estimates 47 

Upper  gate  for — 

Eighty-foot  lock,  Oriskany  (plate  72). 
Sixty- foot  lock  (plate  70). 

Upper  hinge  of  lock  gates 195 

L'pper  Hudson  drainage  (plate  94).. 

Upper  Mohawk  River  (see  Mohawk): 

Discharge  curve  and  dam  section.  Ridge  Mills,  N.  Y.  (plate  114). 

Flood- flow  passage  . .   821 

Run-off 586 

Watersheds 484 

Value  of — 

C.  Cornell  weir  experiments,  (plate  138). 

Francis  weir  formula 291,Ji81.3S2 

Properties  u-^iug  Black  River  water  power ^^43 

W  at<  r  power  per  horsepower,  estimates 864 

Watortowu  to  Stjite  of  New  York 837 

Values  of— 

Bazin's  coefficient  M  in  weir  experiments 609 

Routes.     {See  Relative  advantages. ) 

Valves  or  gates  for  culverts. _ 146 

Variation  of  intensity  of  miter- post  bearing  faces  pressure,  law  of 156 

Variations  of  discharge  over  Bazin's  weirs 644 

Various  New  York  streams,  elevations  . 798 
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Velocity  coefficients  for— 

Computing  discharge  measnrements,  mean 315 

Niagara  River  discharge  observations,  mean 313 

Vertical  and  transverse  curves  of  Niagara  River  discharge  observations  .  _ .  311 

Vertical  curves: 

Current  velocities,  Niagara  River  (fig.) -.    312 

Meter  observations  for _ 309 

Vertical- 
Framing,  lock  gates -- 164,173 

Stiffness,  lock  gates 174 

Stiffness,  lock  gates,  analysis  of  the  effect  of 176 

Vessel.     (Se^  Type;  Ships.) 

Vicinity  of  Niagara  ship-canal  routes  (plate  92). 

Vouchers  and  receipts  of  board 332,1044,1045 

Waddington  water  power .  _.  410 

Walls: 

Methods  of  strengthening  locks 144 

Retaining,  Lasalle-Lewiston  route 347 

War: 

Deep  waterways  as  route  for  ships  of . .  127, 273 

Department  instructions  to  disbursing  officers 333 

Waste  material,  tidal  Hudson 569 

Water.     (See.  Ground. ) 

Water  courses: 

High- water  marks  and,  Schenectady-Normans  Kill  line 542 

Oswego  route  proper 523 

Water-gauge  record,  1865-98,  Buffalo 286 

Water  gauges: 

Incorrect  lake 284 

Niagara  River  discharge .  300 

Water  levels: 

Champlain  route    103 

Chicago  to  Buffalo 92 

Duluth  to  Buffalo - 89 

Lake  Erie,  curves  of  (plate  83). 

Lake  Huron,  curves  of  (plate  83). 

Lake  Ontario  and  Niagara  River  discharge,  curves  of  (plate  81). 

Lake  St.  Clair,  curves  of  (plate  83) 

Lasalle-Lewiston  route _ .  92 

( )s wego-Mohawk  route 94 

Water  loss  from  percolation 823 

Water  marks,  Schenectady-Normans  Kill  line,  high _ .  642 

Water  power: 

Black  and  Beaver  rivers 846, 855 

Black  River,  189S.... 841 

Development  at  Lyons  Falls  ( pht>tograph) 854 

Estimated  value  of ,  per  horsepower 864 

Tributaries  to  Black  River  feeder  ....   856 

Value  of  properties  using  Black  River _ 843 

Waddington .   410 

Water  power— 

And  manufacturing  projects  on  Black  River,  early .     828 

For  operating  locks,  Lasalle-Lewiston  route 348 
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Watersheils:  Pa^. 

Great  Lakes 274,276 

Lake  Champlain 326 

Oneida  and  Mohawk 480,484 

Water  storage  of  the  lakes 274 

Water  supply: 

Black  River  Canal 597-598 

Black  River  feeder 891,892 

Lake  Erie 287.289 

Lake  Huron 274 

Lake  Michigan 274 

Water  supply,  Oswego-Mohawk  route  (plate  93). 

Data 482 

Sources  of 571 

Study  of,  by  G.  W.  Rafter  (see  Water-supply  investigation) 67 

Water  supply,  St.  Lawrence-Champlain  route 75 

Water-supply  feeders.  New  York  summit  level 944 

Water  supply  for  low-level  ship  canal 824 

Water  supply  from  New  York  State  reservoirs  on  Mohawk-Susquehanna 
divide.. _ 825 

Water-supply  investigation  {see  Black  River;  Salmon  River): 

Alternative  tunnel  route  (plate  141)  939 

Catchment  areas  and  maps 576 

Dams,  flow  over 606 

Discharge  curves 639,644 

Estimates 818 

Floods 814,816 

Gauging  methods 590 

Gauging  stations 587 

Labor... _ ..      949 

Low-level  ship  canal,  supply  for 824 

Materials,  source,  cost 944 

Meteorology,  New  York 777 

Methods  of  computing  flow  over  dams  at  gauging  stations 606 

Oswego  River  basin  evaporation 812 

Pondage 794 

Precipitation  records 692 

Prices  used  in  estimates 946 

Rainfall  and  run-off  and  meteorology 777 

Reconnoissance 572 

Report,  G.  W.  Rafter,  C.  E.,  Appendix  No.  16 571 

Reservoirs  of  Mohawk-Susquehanna  divide 825 

Run-off  data.  New  York  streams 579 

Sources  of  supply,  Oswego-Mohawk  route . 571 

Streams  of  New  York,  flow  of 789 

Surveys _ 575 

Tributary  streams  summit  level 578 

Watertown,  city  of 837 

Weir  experiments 610,646,053.678 

Water  surface: 

Formula  for  air  friction  upon 904 

Black  River  reservoirs,  elevation  of 869 

Detroit  and  St.  Clair  rivers,  profiles  (plate  82). 
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Water  surface— Cod  tinned.  Page. 
Detroit  River: 

Fall  of 280 

Profile  of  (plate  83). 

Mount  Hope  Reservoir,  Rochester,  N.  Y. ,  evaporation  from 588 

Richelieu  River  (fig.). 822 

Rochester,  N.  Y.,  evaporation  from 598 

St.  Clair  River: 

Fall  of 230 

Profile  of  (plate  83). 

Water  surface  elevations: 

Lake  Erie  to  Lake  Huron 952 

St.  Marys  River 952 

Water  surface  evaporation: 

Land  and,  Oswego  River  basin 812 

Rochester  waterworks  observations., 588 

Water  surface  regulation  in  pools  between  locks,  Tonawanda-Olcott  route. .  359 

Watertown: 

Economic  statistics  of  city  of 839 

Huntington  dam,  photograph » 854 

Value  of,  to  State  of  New  York 837 

Watertown  and  Lockport  compared,  economic  statistics  of 840 

Waterway: 

Advantages  of  the,  over  the  railway 288 

Constants  of  the 255 

Lake  Erie  to  Lakes  Huron,  Michigan,  and  Superior,  report,  A.  J.  Swift, 

Appendix  No.  17 . .   951 

Lake  Erie  to  Lake  Ontario 339 

Waterways  {see  Channels;  Comparison  of.  Deep;  Restricted): 

Adaptability  of,  to  traffic  condition : 126,272 

Constants  of 255 

Depth,  annual  increase  of  cost  of  additional 238 

Influence  on  railway  rates 127,272 

LaVe  harbors  and 35 

Lake  Ontario- Atlantic  routes 242 

Original  conditions  and  improvements  of  lakes  and  related 27 

Oswego-Mohawk  and  Cham  plain  routes,  comparison 244 

Oswego  route  proper,  comparison 529 

Recommendations  of  Commission  of  1898  on  Deep 26 

Relative  advantages  of  the,  report,  Lieut.  Col.  C.  W.  Raymond,  Appen- 
dix No.  5,  part  2 247 

Restricted 219 

Route  most  favorable,  comparison  of  advantages  of  21-foot  and  30-foot 

channel 271 

Speed  of  ships  in 210,231,232 

Steering  in  restricted... 225 

Study  of  speed  in 231,232 

Waterways  routes,  character  of  materials  on  (Appendix  No.  18) 957 

Water  wheels,  efficiency  of 803 

Webs  of  horizontal  frames  of  lock  gates 172 

Weight  of  lock-gate  frames 100 

Weights.     (.SYv  Girder.) 

Weights  of  lock  gates,  curves  of  (plate  79) 197.11JU 

Weir  and  piers  for  Lake  Erie  regulating  works t293 

11.  Dor.  UJ> 71 


1114  INDEX. 

Weir  discharj^e:  Page. 

Bazin  (plate  128) 644 

Comparison  of  formulae  (plate  127) 606 

Weir  experiments  (see  Cornell  University;  Bazin): 

Bazin 46,610,639,646.653 

Bazin  *8  coeflacient  M 609 

Cornell 46,668,678 

Cornell,  tabulated  results  of 678 

Weir  formulae  {see  Formulas) ,  Indian  engineers 589 

Weirs  (see  Cornell  University;  Bazin): 

Beam 664,666 

Drowned 667 

Francis's  formula 290,291,589,811 

Herschers  formula 812 

Receiving;  Cham  plain  route 432 

Sharp-crested 608,650,660 

Wide-crested 610,667 

Weir  submergence  in  increasing  or  decreasing  discharge;  effect  of 810, 811 

Weisbach's  formula  for  determining  resistance  to  ship's  motion 222 

Weitzel  Lock,  traffic  through 136 

Welland  Canal 35 

West- bound  freight,  St.  Marys  Falls  Canal   134 

West  Branch,  Fish  Creek,  discharge  curve  and  dam  section  (plate  111). 
West  Canada  Creek,  discharge  curve  and  dam  section,  Middleville  (plate 
119). 

Western  division,  Oswego-Mohawk  route  (plates  18-24, 62) 62 

Alternative  routes 462 

Bridges 454,471 

Description 443,446 

Diamond-drill  borings 981, 986 

Dimensions 454.472 

Estimates 446,455,463,472 

Field  work 491 

( general  profile  (plate  02). 

Hieh ways  and  railways,  changes 466 

Locks    ...    453 

Low-level  plan 468 

Mapping    ...     496 

Material  to  be  excavated  . .    962 

Precipitation 480 

Report.  A.  .1.  Himes,  Appendix  No.  13 443 

Right  of  way 468 

Surveys 487 

Triangiiation 491 

Water  supply 479 

White,  Ca>t.D 442 

Wid'-crested  weirs  . 610,667 

Widths: 

Canal  prisms 44, 46, 546 

Champ'ain  route 103 

Chica^'o  to  Buffalo 92 

Du'.uth  to  Buffalo 89 

Lake  Erie  to  Lake  Huron 953 

Lasalle-Lewiston  route 92 
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Widths— Continued.  Page. 

Oswego-Moha wk  route ...  94 

St.  Marys  River 953 

TidalHudson 567 

Willard,  Maj.  J.  H 255 

Williams,  Capt.  W.  G 33 

Williams.  Prof.  G.  S 42,46,128,282,669 

Continuous  curve  of  flow  devised  by 672 

Wilson,  Brig.  Gen.  John  M. ,  Corps  of  Engineers,  United  States  Army 128 

Wilson  and  Olcott  routes  of  New  York  canals 34 

Wind  effect  on  Lake  Erie 292 

Wire  intervals,  precise  leveling 1013 

Wisner,  G.  Y.,  Reports  of: 

Comparison  of  waterways,  Appendix  No.5,  part  1 235 

Introduction  to  report  on  character  of  materials  ( Api)endix  No.  18) 957 

Lake  Champlain  reg^ulation,  Appendix  No.  8 321 

Lake  Erie  regulation.  Appendix  No.  6 273 

Wood  and  steel  lock  gates 151 

Woodard,  S.H.: 

Chain  suspension  for  Lake  Erie  regulating  works,  designed  by . . . .  293 

Report  on  lock  gates,  Appendix  No.  2 148 

Wood-bearing  face  of  quoin  posts  154 

Wood  Creek  run-off  . .   586 

Wood  Creek  Valley  bench  marks 1018 

Wooden  lock  gates: 

Manchester  Ship  Canal 151 

Steel  lock  gates  probably  letter  than .._ 151 

Work.     (5t'e  Baseline;  Field;  Level;  Methods  of ;  Office;  Stadia:  Transit.) 
Works.     (.S<^' Lake  Erie  rej?ulating;  Lake  Champlain  regulating. ) 

Wright,  Benjamin 829 

Year.y  exi.euditnres  of  board     . .    1048 
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